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A survey of rich galaxy clusters, redshifts for many of 
those clusters, and galaxy counts by eye to B = 19.0 show the Indus 
Supercluster to be an annular (in projection) configuration of nine 
rich clusters at 0.073 < z < 0.080 apparently connected by bridges of 
galaxies. 
Photoelectrically calibrated photographic photometry of 
galaxy images on six U.K. Schmidt plates using the COSMOS machine 
at the Royal Observatory, Edinburgh, gave photometric information 
for about 150,000 galaxies. From this, the luminosity function of 
the Indus Supercluster was extracted. To B = 21.5, the Superclus- 
ter includes about 25,000 galaxies, its estimated total luminosity 
is 7 x1013 Lo, and- if its mass -to -light ratio is typical- its 
total mass is " 1 x 101677jo. Its diameter is about 40 Mpc. These 
parameters make it similar to other known superclusters. 
In addition, the integrated apparent field luminosity func- 
tion for galaxies, derived from the 140 square degrees of sky 
scanned on Schmidt plates by COSMOS, agrees with most previous 
determinations. 
The general picture of a sponge -like cellular distribution 
of galaxies as developed by Einasto and his colleagues is confirmed. 
Though there are some indications that this structure is primordial, 
neither data nor theories are yet sufficient to allow an adequate 
explanation of the development of such structure in the universe. 
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CHAPTER 1 
The Distribution of Galaxies and 
Macrostructure in the Universe 
I. Introduction 
The large -scale structure of the universe can best be 
studied at present by determining distances to galaxies and clus- 
ters of galaxies. Though the areal distribution of these objects 
can give clues to their true spatial distribution (see e.g. 
Peebles 1980 and references therein), the lack of well -determined 
distances has been a serious obstacle to our understanding of even 
the nature of the spatial distribution, let alone its origin or 
evolution. 
Fortunately, the past decade has seen the development of 
image intensifier technology to the point where spectra of very 
nearly the faintest detectable objects can be obtained in a reason- 
able amount of observing time. At the time of the publication of 
the First Reference Catalogue of Bright Galaxies (RC1; de Vaucou- 
leurs and de Vaucouleurs 1964) about a thousand extragalactic red - 
shifts were known. Twelve years later at the publication of the 
Second Reference Catalogue (RC2; de Vaucouleurs, de Vaucouleurs, 
and Corwin 1976), the number had grown by a factor of four. The 
intervening five years to the present have seen yet another factor 
of four increase. This vast data explosion is allowing us to 
glimpse for the first time the true distribution of luminous matter 
in our local region of the universe (e.g. Einasto et al 1980a,b, 
Davis et al 1981). 
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The purpose of the present study is to see if the overall 
properties of the distribution as revealed by the nearby samples 
hold at greater distances. This first chapter summarizes the con- 
clusions drawn from the previous areal and spatial surveys of 
galaxies, with emphasis on the phenomenon (or perhaps phenomena) 
that we call superclustering; that is, clustering of galaxy clus- 
ters. The second chapter of this thesis describes the areal search 
for and discovery of a candidate supercluster suitable for study. 
The third and fourth chapters discuss respectively spectroscopic and 
photometric surveys of this supercluster. The fifth chapter finally 
brings together the conclusions of the work in this thesis, and 
compares them with the conclusions of other investigators. As we 
shall see, a coherent picture emerges of the distribution of galax- 
ies in space. 
of the of Galaxies 
The first one and a half centuries of the study of the dis- 
tribution of the "nebulae" were necessarily devoted to (because the 
study was confined by) the brightest On < 14) galaxies. These 
Pg 
are now known to be, for the most part, members of the Local Super - 
cluster. De Vaucouleurs (1981) gives an excellent review of the 
discovery and properties of the Local Supercluster. The interested 
reader is directed to that article for an introduction to this 
nearest and most easily studied of the known superclusters, though 
a brief review of its structural properties is also given in 
Section VI below. 
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In general, the census of fainter galaxies discovered 
visually was too incomplete to allow more than glimpses of struc- 
ture in their distribution. The early investigators, too, were 
hampered by lack of proof that the majority of the nebulae were 
indeed "island universes" separate from our own Milky Way system. 
This was the theory adopted by most astronomers working on the 
problem (e.g. W. Herschel 1784, J. Herschel 1847; von Humboldt 
1866, Proctor 1869, Abbe 1867, Waters 1873, 1894), but modern 
notions of the distances involved did not fully develop until the 
second and third decades of the present century. 
However, structure beyond William Herschel's great 
"stratum" of nebulae was occasionally noted in the 19th century. 
Several streams of nebulae and clusters stretching across the sky 
are easily visible on maps of John Herschel's so- called "General 
Catalogue" (GC; J. Herschel 1864), and were commented on imme- 
diately (von Humboldt 1866, Proctor 1869). John Herschel (1847) 
himself noted a stream of nebulae extending northward from the 
Large Magellanic Cloud to Pisces, and Waters (1873, 1894) also 
mentioned several clusters and streams of nebulae in the GC and in 
its revision, the New General Catalogue (NGC; Dreyer 1888). 
Stratonoff (1900) and Hinks (1911) used the NGC objects for further 
studies of the nebular distribution, reaching the same general 
conclusions as the earlier investigators. 
Though photographic studies of the clustering of nebulae 
began at Harvard in the 1890's (e.g. Pickering 1899), it was not 
until the 1920's that Shapley and his collaborators began to con- 
sider the large -scale distribution as revealed by the Harvard 
plates. In the meantime, Hardcastle (1914) and Reynolds (1921a,b) 
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had used the Franklin -Adams plates for studies of the distribution 
of the nearer galaxies, and Fath (1914) used the Mt Wilson 60 -inch 
reflector for a photographic study of the nebulae in Kapteyn's 
Selected Areas. With respect to the distribution problem, Fath 
only noted that a) "the clustering [around the northern galactic 
pole] is much more marked that around the southern" and b) that 
"the number of nebulae in a region does not depend wholly on the 
galactic latitude." Sanford (1917) and Seares (1925) discussed 
Fath's data in more depth concluding that large -scale aspects of 
the galaxy distribution are real, while the smaller scale details 
may be the result of galactic absorption. Lundmark (1927) working 
from plates taken with the Bruce 16 -inch telescope at Heidelberg 
reached essentially identical conclusions. It is interesting to 
note that the Local Supercluster did not escape the attention of 
any of these astronomers, and some devoted much of their work to 
it (e.g. Reynolds 1921a,b, 1923, 1924, 1934). 
III. Beginning of the Modern Era in Galaxy Distribution Studies 
A. Harlow Shapley and the Harvard Surveys 
Not surprisingly, the first great photographic studies of 
the distribution of nebulae came in the 1920's at the same time as 
the confirmation of the extragalactic nature of most of these 
nebulae was announced. Hubble (1925, 1926) was of course responsi- 
ble for the latter work using the largest telescope in the world at 
that time (the Mt. Wilson 100 -inch Hooker Reflector), but the work 
done by Shapley and his collaborators depended entirely on the much 
smaller wide -field telescopic cameras at Agassiz,Arequipa, and 
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Bloemfontein. The 30 -year series of papers that resulted from that 
work is summarised in Shapley's 1957 book The Inner Matagalaxy. 
Among the more important of Shapley's conclusions is the 
general smoothness of galactic absorption (see e.g. Shapley 1940, 
1951, Shapley and Ames 1929, Shapley and Jones 1938a, 1940). 
Though patchy in places near the galactic plane (as shown by 
Shapley's discovery of several "windows" in the absorbing layer 
along our line of sight toward the galactic plane), the numbers of 
galaxies in any field can be taken as a general indication of the 
amount of absorption. This large -scale feature of our own Galaxy 
was used to good advantage by Shapley in many of his galactic 
studies. 
At the same time, Shapley's explorations into further 
regions of space showed again and again the same features revealed 
by the earlier distribution studies: a strong tendency toward 
clustering of galaxies, and an equally apparent tendency for the 
clusters themselves to be found embedded in extensive clouds of 
galaxies. This particular aspect of the Harvard work was quanti- 
fied by Bok (1931, 1934) who found that no sample of galaxy counts, 
to whatever magnitude limit, was distributed randomly as compared 
with predictions from the binomial, normal, and Poisson distribu- 
tions. This applied to the Shapley -Ames (1932) catalogue of bright 
galaxies, to the other Harvard counts to fainter limits then avail- 
able, and to Hubble's (1934) counts. However, when Bok counted 
faint stars in the same fields as the galaxies, he found that their 
distribution could be accurately characterized as random. Thus, 
he discarded the notion that the non -randomness of the galaxy 
counts was caused by galactic absorption- this would have affected 
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the faint (therefore distant) stars just as it would have the 
galaxies. 
Therefore, at higher galactic latitudes (Ibl > 30 °), the 
apparent clustering of galaxies, indeed all features of the galaxy 
distribution, were attributed by Shapley and the rest of his 
Harvard group (e.g. Warwick 1950) to the actual distribution of 
galaxies in space. 
This is especially noteworthy in Shapley's discovery of 
large -scale gradients in the galaxy counts across the sky (Shapley 
1934a, 1938a,b, 1940). These gradients implied clustering on 
scales of hundreds of megaparsecs, and led Shapley to his notions 
of the existence of metagalactic clouds (Shapley 1933, 1934b, c, 
1935a,b, c, 1937a,b, c). Our own galaxy (Shapley 1929), the Coma 
Cluster (Shapley 1934b), the Perseus Cluster (Shapley and Jones 
1938b), the Virgo Cluster (Shapley and Ames 1930a,b, Shapley and 
Paraskevopoulos 1940), the Hercules Cluster (Shapley 1933, 1934c), 
and many other galaxies, groups and clusters were all noted as 
belonging to one or another of these metagalactic clouds. Well - 
studied examples of these extensive clouds are those in Horologium 
(Shapley 1933, 1935a,b, 1938b) and Dorado (Shapley 1934b, 1937a, 
b, c, 1938b). 
Shapley's ideas were solidly based in the observations, so 
have not become dated-even in retrospect, his view of the struc- 
ture of the universe is surprisingly modern. He also made other 
important pioneering contributions. These will be considered 
below as appropriate. 
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B. Other Studies of Galaxy Distribution, 1930 -1950 
Though Shapley and his Harvard collaborators dominated 
galaxy distribution studies in the 1930's and 1940's, other inves- 
tigators were also active during this time. Zwicky (1938, 
1942a,b) began his studies with the Palomar 18 -inch Schmidt, 
finding- as did Shapley- that the galaxies were distributed non - 
randomly. He continued his work (e.g. Zwicky 1951, 1952, 1953) 
when the Palomar 48 -inch Schmidt came into operation in 1949, and 
he summarized his ideas in his book Morphological Astronomy 
(Zwicky 1957a). He stressed the existence of clusters of galaxies 
as well as the existence of clouds of galaxies and clouds of clus- 
ters. These are identical to Shapley's metagalactic clouds, but 
Zwicky (see also Zwicky and Rudnicki 1963) considered them as indi- 
vidual "cluster cells" of about 40 Mpc diameter. Each of these 
cluster cells contains the equivalent of one large cluster, though 
some may be made up of several smaller clusters. The centers of 
the cells are distributed randomly throughout space, though the 
galaxies within each cell are primarily found in groups and clus- 
ters. Zwicky also stressed the probable influence of galactic 
and intergalactic absorption on the distribution of galaxies and 
clusters (Zwicky 1952, 1957a, Zwicky and Rudnicki 1966). Zwicky's 
influence on current thinking has been strong, and his ideas men- 
tioned above will return later, though in slightly altered form. 
Lundmark's (1927) study of galaxies on the Heidelberg 
plates has already been mentioned. This same plate material was 
also used by other northern European astronomers in studies of 
galaxy distribution. Their conclusions are similar to those 
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already presented: a) the bright galaxies are primarily found in 
a flattened metagalactic cloud with our own galaxy toward one edge 
of this system (Holmberg 1937, Reiz 1941); b) though galaxies 
are concentrated near the galactic poles, there is only a rough 
correlation of their numbers with galactic latitude (for Ibi > 300), 
c) there are many clusters of galaxies (Wirtz 1923); and 
d) streams of galaxies and clusters, e.g. the Perseus -Pegasus 
stream, are readily apparent (Bernheimer 1932a,b). 
Other contemporary studies giving added weight to the con- 
clusions reached above are those by Tombaugh (1937), Mowbray (1938), 
and Katz and Mulders (1942). Tombaugh's work at Lowell Observatory 
on the "great Perseus- Andromeda stratum of extra -galactic nebulae" 
was one of the first in which the differentiation of galaxy types 
in clusters was mentioned: early -type galaxies are generally found 
in the central regions of clusters, later -type galaxies in the out- 
skirts. Tombaugh also supported Shapley's observation that clus- 
ters of galaxies usually occur "in extensive regions rich or 
moderately rich" in galaxies. 
Mowbray (1938) repeated Bok's (1934) tests on Hubble's 
(1934, 1936b) counts, and extended them to the counts given by 
Mayall (1934) and by Shapley (1937b). Again, Mowbray found that 
all the samples were distributed non -randomly across the sky. 
Katz and Mulders .(1942) worked only with the Shapley -Ames (1932) 
sample of bright galaxies, applying Zwicky's (1942a) dispersion - 
subdivision test to the data. The Local Supercluster, of course, 
dominates the Shapley -Ames catalogue-Katz and Mulders found that 
the probability of the great belt of galaxies arising at random is 
4.2 x:10 -8. Thus, the Local Supercluster - and all other clusters, 
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clouds, strata, and streams so far observed-is not likely to be 
due to chance. 
Two other important papers on galaxy distribution have so 
far been mentioned only in passing. These are by Hubble (1934) and 
by Mayall (1934), both of whom found, contrary to all other evi- 
dence, that the areal large -scale distribution of galaxies is 
essentially random. Both also found that the numbers of nebulae 
per unit area increased as the square root of the distance, indi- 
cating that galaxies are also distributed randomly in depth. In 
spite of noting that Seares and Reynolds had called attention to 
William Herschel's band of nebulae across the northern galactic 
hemisphere, Hubble went on to state, "There are as yet no indica- 
tions of a super -system of nebulae analogous to the system of 
stars." 
Recall that the quantitative tests performed by Bok (1934) 
and by Mowbray (1938) showed that Hubble's galaxy counts indicated 
a non -uniform distribution, and that Mowbray also showed the same 
for Mayall's counts. This seeming contradiction with Hubble's and 
Mayall's own results is simply due to their not having performed 
adequate tests on their own data. 
Hubble (1936a) went on to incorporate his ideas in his 
book The Realm of the Nebulae, and the randomness, homogeneity, and 
isotropy of the universe became dogma in spite of the incontestable 
observational facts to the contrary. 
One other paper by Hubble (1936b) appeared that discussed 
the spatial distribution of galaxies, this time also considering 
their redshifts. Hubble's suggestion from this study was that 
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the galaxian redshifts are not Doppler shifts, an idea already 
mentioned by him in a 1935 paper with Tolman. 
C. The Lick Survey 
The studies thus far mentioned were based on either "test" 
probes in depth of small sky areas (Fath 1914, Hubble 1934, Mayall 
1934) or on areal surveys of large portions, but not all, of the 
sky (the Harvard surveys eventually covered about one -third of the 
sky). It would obviously be desirable to have an areally complete 
galaxy survey of as much of the sky as possible in as homogeneous 
a fashion as possible. This was the reasoning behind the inception 
in the 1940's of the galaxy counts on 20 -inch astrograph plates 
taken at Lick Observatory. 
Though the 6° x 6° plates were originally taken for the 
Lick proper motion survey, Mayall and Shane realized that they were 
also ideal for the galaxy survey. The 20 -year effort that followed 
is summarized by Shane and Wirtanen (1967) who also give the counts 
(by square degree, though the plates were originally counted in ten 
minute squares), and display them in the form of isopleths reduced 
to numbers of galaxies per square degree. The survey covers the 
sky from the north celestial pole to -20 °, and has a limiting mag- 
nitude of B = 18.9-0.5 (Kron and Shane 1974). 
This survey has been particularly useful in statistical 
studies of the distribution of galaxies. During the 1950's, 
Neyman and Scott (1959 and references therein) developed a theory 
of galaxy distribution that was directly inspired by the Lick 
counts. The predictions of this theory, which placed all galaxies 
in clusters, ignored interstellar or intergalactic absorption, and 
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distributed the positions of the clusters randomly in space, was 
compared by Scott et al (1954) with the actual distribution of 
galaxies on one of the Lick plates. The results were startling: 
the actual galaxy distribution was even more clustered than the 
theoretical distribution. Neyman et al (1956), after modifying the 
basic theory to take redshift and galactic absorption into account, 
attributed the discrepancy between the theory and the observation 
to superclustering. 
Other similar work done at the time included that by 
Agekian (1957), Layzer (1956, 1975), Limber (1953, 1954, 1957), 
Rubin (1954), and van Albada (1960, 1962). (Chandrasekhar and 
Munch 1952 developed a method for detecting discrete absorbing 
clouds in our own galaxy by studying the fluctuations in galaxy 
counts. Apparently never applied, this approach would be unlikely 
to succeed in any case because of the manifestly non -random distri- 
bution of the galaxies.) Most of these studies reached the same 
conclusion: clustering, on scales of less than about 5 -10 Mpc, is 
the major characteristic of the galaxy distribution. Neyman et al 
(1956) and van Albada (1960) also suggest statistical evidence for 
clustering on larger scales. 
[Note should be made here that distances in this thesis 
are ón the extragalactic distance scale defined by de Vaucouleurs 
(de Vaucouleurs and Bollinger 1979 and references therein). 
Hp = 100 km sec-1 Mpc -1 on this scale and is assumed to hold true 
for all extragalactic distances beyond the Local Supercluster.] 
Shane and Wirtanen (1954) and Shane (1956) had earlier 
noted from preliminary reductions of their galaxy counts that 
superclustering and clumping of galaxies and clusters into 
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"multiple clusters" was a common feature in the Lick work. Shane 
and Wirtanen (1967) and Shane (1975) reiterated their earlier con- 
clusions, and also noted possible evidence for inhomogeneities on 
the order of 200 Mpc across. De Vaucouleurs.(1971) in an excellent 
review also mentioned this, and noted that the Hubble counts, when 
smoothed, also showed very large scale fluctuations of the same 
order of size. 
The Lick counts by Shane and Wirtanen thus provided a major 
impetus for attempting to understand the nature of the clumpy dis- 
tribution of galaxies in space. During the past dozen years, they 
also provided material for the first serious attempts at under- 
standing the origin of the non -random galaxy distribution. Several 
other observational efforts contributed to these attempts; they are 
reviewed in the following section. 
IV. Modern Surveys Pertaining to the Galaxy Distribution Problem 
Though Shane and Wirtanen (1967) published only the counts 
added together in one degree squares, the original ten minute 
counts were made available to the Princeton group led by Peebles. 
These were reduced anew by Seldner et al (1977) and presented in a 
form that more graphically than any other demonstrates the nature 
of the galaxy distribution. Using a gray scale to represent the 
number of galaxies in each ten minute square, the resulting matrix 
was displayed phorographically in polar coordinates. It resembles 
nothing so much as it does a cross -section of a sponge, filamentary 
and cellular. 
This sponge -like structure so easily seen in these nearest 
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106 galaxies (most are within 300 Mpc if Mpg _ -18 is the peak of 
the gaussian luminosity function of "normal" galaxies counted in 
such surveys; Brown 1978)is repeated for the even 
nearer 3 x101+ galaxies in the catalogue by Zwicky and his asso- 
ciates (CGCG; Zwicky et al 1961, 1963, 1965, 1966, 1968a, b). 
Peterson (1974) and Fall (1979) have maps of these galaxies which 
are brighter than mpg _ 15.5 and generally within 100 Mpc. 
The same sort of structure is visible in the distribution 
of rich clusters of galaxies, catalogued by Abell (1958) and by 
Zwicky in the CGCG. Similarly, the nearby groups, clouds, and poor 
clusters listed by de Vaucouleurs (1975a), Corwin (1967), 
Karachentsev (1970), and Turner and Gott (1976) are roughly arrayed 
in chains and filaments, the very nearest generally following and 
aligned with the plane of the Local Supercluster (de Vaucouleurs 
1975a, b, r_) . 
Finally, the most distant sample yet analysed for distribu- 
tion, that in the so- called "Jagellonian Field" (named after the 
Polish university where the work was done by Rudnicki et al 1973) 
shows an identical structure. This sample of 15650 galaxies in a 
36 square degree field photographed with the Palomar Schmidt Tele- 
scope reaches to mpg _ 21.0 and represents the universe at a dis - 
tance- of about 1000 Mpc. This probably also represents the extreme 
limit of the Abell and Zwicky cluster catalogues, but with nominal 
limits of 600 to 700 Mpc, they do not on average penetrate as 
deeply into space. However, their coverage of the entire northern 
sky (in the case of Abell`s catalogue, the coverage is to 6 = -27 °, 
nearly 3/4 of the sky) gives them an advantage when very large 
scale structures are being studied. 
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Other galaxy counts to varying limits are those by Nilson 
(UGC; 1973), Vorontsov -Velyaminov et al (MCG; 1962, 1963, 1964, 
1968, 1974), and Zonn (1968). (Catalogues and surveys specifi- 
cally relating to the southern sky will be covered in the next 
chapter.) These too are limited to the northern sky (Nilson) or 
to the southern limit of the Palomar Schmidt (Zonn and MCG), and 
are all based on the Palomar Schmidt Survey (PSS). Since they are 
essentially duplications of other efforts, they have not received 
in themselves much attention in distribution studies, except where 
their additional data could help (see e.g. Davis and Geller 1976 
and MacGillivray et al 1981a). 
Finally, galaxy surveys with the COSMOS machine at ROE are 
currently being made for selected parts of the sky. While the long 
range goal of a complete coverage of the sky to m _ 21 -22 is far 
Pg 
from being met, several studies already published have indicated 
the feasibility of such a project (see e.g. MacGillivray and Dodd 
1979a, b, 1980a,b, MacGillivray et al 1976, Hewett et al 1981, 
Shanks et al 1980, Phillipps et al 1978; and references therein). 
V. Statistical Investigations of the Modern Catalogues 
Since accurate distances are generally lacking for most of 
the galaxies and clusters in the above catalogues, various statisti- 
cal tests have been used to search for non -randomness in the areal 
distribution of the objects. These tests fall into several dif- 
ferent general groups, as follows: 
1) The n -point correlation functions, especially the two- 
point correlation (or covariance) function and its Fourier 
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transform the power spectrum. Though first used for studying the 
clustering of galaxies by Totsuji and Kihara (1969), the n -point 
correlation functions have been developed and used most extensively 
by Peebles (1980 and references therein) and his Princeton group. 
Fall (1979) also has a thorough review of the methods involved, 
their shortcomings, and the general results. 
2) Zwicky's (1942a, 1952) dispersion -subdivision test, 
applied by Zwicky (1957b), Zwicky and Rudnicki (1966), and by 
Karpowicz (1967a, b, 1970a,b, 1971c) to the CGCG cluster data; and 
by Hewett et al (1981) to one of the COSMOS galaxy samples. 
3) The index of clumpiness test (Neyman and Scott 1952) 
applied by them to the Lick counts as noted above (see also Neyman 
and Scott 19.59 and references therein). This test has also been 
used by Kiang (1967) to study superclustering of the Abell (1958) 
clusters, and by Kalinkov (1974) 
. 
to search for higher order clus- 
tering among the Abell and CGCG clusters. 
4) Nearest neighbour tests have been applied by Bogart and 
Wagoner (1973), by Rood (1976, 1979), and most recently by Thuan 
(1980) to the Abell cluster data; and by Kalinkov (1974) to the 
CGCG cluster data. These tests are the only ones to require dis- 
tance estimates. Thus, while their present applicability is 
limited, they have perhaps the greatest potential of any of the 
statistical tests for giving easily interpreted results. 
5) Abell (1958), Fullerton and Hoover (1972), and Kalinkov 
(1974) have applied x- squared tests to the Abell cluster data. 
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Abell and Seligman (1965, 1967), Gusak (1969), and Kalinkov (1974) 
have also applied these tests to the CGCG data. 
6) Smoothing and filtering of the CGCG cluster data has 
been done by Kalinkov and his colleagues (see Kalinkov 1977 for 
references). 
7) Zieba's (1975) "method of statistical reduction" has 
been used by Zeiba and Zeiba (1975) and by Flin (1974 and refer- 
ences therein) to examine various catalogues of extragalactic 
objects. 
8) Mead's analysis (Mead 1974; Shanks 1979 and references 
therein) was applied by Shanks (1979) to the Zwicky galaxies and 
to the Jagellonian catalogue; and by Hewett et al (1981) as well as 
by Shanks to COSMOS samples from UK Schmidt plates. 
9) The area of the largest CGCG clusters was studied by 
Zwicky and his collaborators (Zwicky and Rudnicki 1963, Zwicky and 
Berger 1964, Zwicky and Karpowicz 1965, 1966, and Karpowicz 1971a, 
b). Though not a statistical test in the same sense as the others 
noted above, these studies have still provided the characteristic 
dimensions of typical (as well as the largest) CGCG clusters (8 and 
25 Mpc, respectively). 
Most of these tests (other than the last one, as just 
noted) are conceptually similar. Angular (or spatial) distances 
are measured from a given object to its nearest neighbour, to its 
next nearest neighbour, and so on; or the numbers of objects within 
cells of a given size are counted and compared with counts in 
different sized cells. Unfortunately, since these tests generally 
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take no account of possible systematic errors in the data, the 
results can be misleading. This has been stressed by Paal (1964), 
Reaves (1968, 1974), Reaves and Stern (1967), Kiang (1967), 
Fullerton and Hoover (1972), Ozernoy and Reinhardt (1976), Soneíra 
and Peebles (1977), and Kalinkov (1977) all of whom have pointed to 
possible sources of error in the basic data. These are usually 
simple selection effects that might be functions of galactic ab- 
sorption, distance, richness, etc. Often these can be corrected 
to some extent (see e.g. Corwin 1974, Seldner et al 1977), but 
usually are not. Taken to its logical extreme (by e.g. Fesenko 
1979a,b) the presence of selection effects has even been used to 
argue against the very existence of rich clusters of galaxies. 
More fundamental problems exist in the interpretation of 
the tests, however. Nearly all of them have been used to show 
non -randomness in the distribution of extra -galactic objects. 
(Indeed, the current general acceptance of superclustering is due 
in large part to the widespread application of these tests, 
especially the covariance function, over the past dozen years.) 
But few have suggested that the indicated non -randomness is due to 
anything but clumping of the galaxies or clusters. Holmberg (1974) 
attributes the apparent distribution to patchy galactic absorption, 
while Zwicky and his colleagues (references above) have cited 
intergalactic absorption as the cause (it will be seen in Chapter 2 
that there is as yet little hard evidence for patchy absorption 
dense enough to cause the non -randomness). 
Even more basic yet is the problem encountered in the 
present work of trying to a) isolate a supercluster for detailed 
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study or b) determine structural parameters for superclusters. 
Only the nearest neighbour tests as applied by Rood (1976) and 
Thuan (1980) are capable of providing the detailed answers to 
these questions. The other tests may indicate the existence of 
superclustering, but generally provide no more than a characteris- 
tic scale length for the clustering [see especially Abell (1958), 
Abell and Seligman (1965), Kiang (1967), de Vaucouleurs (1971), 
Kalinkov (1977 and references therein), and Hewett et al (1980)]. 
Or they may indicate no specific scale length at all [e.g. the 
n -point correlation functions, but see Wesson (1976), and Zieba's 
(1975) "method of statistical reduction "]. These results generally 
come from studies where the tests essentially integrate data in 
depth, wiping out any large scale features that might be present 
(Fall 1979). Other problems with the tests themselves have been 
discussed by e.g. Peebles (1980), Shanks (1979), and Hewett (1980, 
unpublished). These problems (e.g. "edge córrectioñs" in co- 
variance function analyses) can have very considerable effects on 
the results (Hewett 1980, unpublished). 
VI. Observational Studies of the Spatial Distribution of Galaxies 
and Clusters: Individual Superclusters 
A. Introduction and Definitions 
The lack of firm answers from most of the statistical tests 
outlined in the previous section has been part of the motivation 
behind the recent observational studies of several superclusters. 
This lack was also instrumental in initiating the present study. 
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How, though, are superclusters defined? De Vaucouleurs 
(1971) calls the "classical" supercluster one which has a major 
diameter of 30 to 50 Mpc, an axis ratio of 1/4, a velocity disper- 
sion on the order of 1000 km sec-1, and (in the examples he cites) 
containing only a few rich clusters but many groups, clouds, and 
individual galaxies. Abell (1961, 1974, 1975) defines superclus- 
ters primarily in terms of the rich clusters in his catalogue 
(Abell 1958), but finds the same characteristic diameter as did 
de Vaucouleurs. An Abell supercluster contains an average of 10 
rich clusters, it may be elongated, and has a velocity dispersion 
of 2000 to 3000 km sec -1. Its mass is in the range 1015 to 101777/0, 
and contains many more groups and poor clusters (perhaps 10 times 
as many) as rich clusters. Abell (1961) gives a list of 17 super- 
clusters drawn from his 1958 cluster catalogue. 
Rood (1976) and Thuan (1980) also define superclusters in 
terms of Abell clusters: from a sample of nearby Abell clusters 
with known velocities, spatial separations of neighbouring clusters 
are computed. Neighbouring clusters within 25 Mpc (Rood) or 35 Mpc 
(Thuan) of a given cluster are identified, all clusters within the 
same distances from the neighbouring clusters are identified and so 
on until no more clusters can be added. The resulting group of 
clusters constitutes a supercluster. The superclusters so formed 
tend to be linear or sheet -like in space with typical diameters of 
about 30 Mpc. About 60% of the superclusters are simply binary 
clusters, with another 25% to 30% being triplets or quadruplets. 
These superclusters, then, are "classical" superclusters as defined 
by de Vaucouleurs, except that groups, clouds and "field" galaxies 
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must necessarily be ignored. 
A different definition is adopted by Einasto et al (1980a,b 
and references therein). From redshift surveys, they find that 
space is separated into supercluster "cells" roughly 40 -50 Mpc 
across. In projection, the cell "walls" form filamentary bridges 
connecting rich clusters which are at the intersections. A single 
supercluster, then, is a nearly empty "hole" with its surrounding 
filaments and sheets of galaxies, and with the embedded rich clus- 
ters and poorer clouds and groups. Adjoining superclusters in this 
model share elements in common. The "classical" supercluster, 
then, is just one filament or sheet of clusters, groups, and gala- 
xies in the cellular (annular in projection) supercluster. 
Most of the studies cited below concern themselves with 
"classical" superclusters, that is, parts of Einasto's and his 
colleague's cellular superclusters. A more restrictive definition 
used by Jones (1976) and by Hoffmann et al (1980) for the Local 
Supercluster will be considered below. 
Finally, Zwicky (1957a) has suggested that a "supercluster" 
might be defined as a vast, spherically symmetric gravitationally 
bound collection of hundreds or thousands of clusters of galaxies. 
The simple fact that such "superclusters" obviously do not exist 
led Zwicky and his collaborators to deny repeatedly the existence 
of clusters of clusters (see e.g. Zwicky and Rudnicki 1966 and 
Karpowicz 1971b and references therein). Zwicky's concept of the 
large scale distribution of galaxies involved their being grouped 
into cluster cells perhaps 40 Mpc across with each cell containing 
the equivalent mass and luminosity of one rich cluster. Within 
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each cell, there might be several smaller clusters, groups, and 
clouds of galaxies, and even clouds of clusters (Zwicky 1957a). 
This is very close to how the "classical" supercluster has been 
visualized by most astronomers (e.g. de Vaucoulers, Rood, and Thuan 
as noted above). Zwicky's insistence on the non -existence of 
superclusters is thus seen to be mostly a matter of definition. 
B. The Local Supercluster 
Though known as a belt of galaxies about 10 degrees wide 
across the northern sky since its discovery in 1783 -4 by William 
Herschel (1784), it was only gradually that the Local Supercluster 
was recognized to be a supercluster in the "classical" sense as 
noted above. It was not until 1953 that de Vaucouleurs gave a 
modern description of it, calling it the "Local Supergalaxy" and 
noting its proximity in space to a "southern supergalaxy," seen 
stretching from behind the Large Magellanic Cloud north to Eridanus. 
De Vaucouleurs has remained the most active astronomer in 
the study of the Local Supercluster. His latest reviews (de 
Vaucouleurs 1978, 1981) cover our current state of knowledge of it 
well. Its structural characteristics as set out by de Vaucouleurs 
(1978, 1981) are briefly summarized here. 
The Local Supercluster is a flattened system with an ap- 
parent axial ratio of about 3 or 4 to 1. It includes one rich 
cluster, the Virgo Cluster, at a distance of about 12 to 15 Mpc from 
our own Local Group. The many other groups and clouds of galaxies 
in the Supercluster are arrayed in filaments or chains within its 
plane, and extend perhaps 20 Mpc in various directions from the 
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Virgo Cluster. A small number of "field" galaxies, probably no 
more than 10% of its total number of galaxies, are found between 
the various groupings of the Local Supercluster. 
There may be gas and dust associated with the Supercluster, 
but the evidence is marginal and contradictory. Many of its gala- 
xies are radio sources, and a few are X -ray sources. Aside from 
the Virgo Cluster, however, there are no X -ray sources associated 
with clusterings in the Local Supercluster. Even the Virgo Cluster 
X -ray emission is dominated by one peculiar object, M87. In 
general, it can probably be said that the Local Supercluster is a 
rather small one, and perhaps atypical in some ways because of its 
size. However, exploration of its further reaches in the northern 
sky is far from complete, so conclusions as to its total size 
0,40 Mpc) and mass 0,1015 to 1016 )may be premature. 
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Since the Local Group and the Galaxy are a part of the 
Local Supercluster, redshifts of other galaxies as we view them 
will be somewhat affected by any motion of our own Galaxy within 
the Supercluster (an analogous situation to the solar motion within 
the Galaxy apparently perturbing the motions of the nearby stars). 
De Vaucouleurs first found evidence of this motion in 1958 using 
the Humason, Mayall and Sandage (HMS; 1956) list of redshifts from 
Lick and Mt. Wilson. These data were fit reasonably well with a 
flat rotating -expanding model of the Supercluster. This sort of 
model (with minor adjustments, e.g. allowing for galaxy motions 
perpendicular to the supergalactic plane) continues to model well 
the ever -accumulating totality of the redshift and distance data 
for the nearby galaxies (de Vaucouleurs 1981 and references 
therein). 
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Nevertheless, it is felt by many that the motion of the 
Local Group is primordial rather than rotational (e.g. Mould et al 
1980). In other words, the local motion is a reflection not of 
present supercluster dynamics or even of recent evolution, but of 
conditions at the time of its creation. Some weight is given to 
this point of view by studies of alignments of galaxies with 
respect to the plane of the Local Supercluster. The most recent, 
based on the largest amount of data, is that by MacGillivray et al 
(1981a,b) who find that the spin axes of a significant number of 
galaxies are perpendicularly aligned with the Supergalactic equa- 
tor. Because of the problems involved in changing the directions 
of the spin axes, such correlations are usually taken as primeval. 
De Vaucouleurs (1975c) has also found alignments of the major axes 
of galaxy clouds with the Supergalactic equator. This puts even 
firmer constraints on any structural evolution as the crossing 
times for galaxy clouds are generally about one Hubble time or 
longer.(see e.g. Turner and Sargent 1974, Rood et al 1970). 
Thus, the Local Supercluster (and, by extension, other 
superclusters) is probably an only slowly evolving relic of in- 
homogeneities in the early universe. 
Jones (1976) and Hoffmann et al (1980) have taken a some- 
what different view of the Local Supercluster. Assuming it to be 
a spherically symmetric body of galaxies centred on the Virgo 
Cluster (they refer to it as the "Virgo Supercluster"), they then 
find that the properties of this body resemble those of a rich 
cluster. The space density of galaxies falls off roughly as r -3 
(Jones) and their velocity dispersion drops with increasing radius 
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(Hoffmann et al). The techniques used in these two studies are in 
fact very well suited to rich clusters, but the assumption of 
spherical symmetry makes the application to a supercluster con- 
siderably less likely to yield meaningful results. 
C. Other Superclusters 
Though several external superclusters were noted in the 
Harvard survey of the 1930's (Shapley 1957 and references therein), 
structural parameters could not be estimated with any certainty 
because of a lack of firm distances. Though Shapley (1933) did 
estimate distances for several clusters now known to be in super- 
clusters (i.e. Hercules and Horologium), he gave no specific data 
for the superclusters themselves. 
The same was true for the many other studies of superclus- 
ters from that time until the mid- 1970's when redshifts for a sig- 
nificant number of clusters started to become available (e.g. 
Noonan 1973, Corwin 1974). Working without redshifts, however, it 
was at least possible to isolate many superclusters purely on the 
basis of examining the galaxy distribution on the sky (e.g. Bern - 
heimer 1932a,b; Tombaugh 1937, Zwicky 1942b, Shane 1975 and refer- 
ences therein; de Vaucouleurs 1956a, Kalinkov 1967, Herzog 1967, 
Reaves 1968, 1974) or by using the rough distance estimates given 
in the Abell and Zwicky cluster catalogues (Abell 1961, 1962, van 
den Bergh 1961, Karachentsev 1966, Gusak 1969, Rood and Sastry 
1971, Fullerton and Hoover 1972, Kalinkov 1974, Murray et al 1978). 
Working with distances found from luminosity and diameter 
functions, Corwin (1967) isolated several superclusters and 
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determined diameters for them. Rood (1974, 1976) and Nottale 
(1976) using distances from known redshifts did the same, extend- 
ing the studies into the realm of dynamics. Karachentsev and 
Shcherbanovskii (1978) drew up a list of pairs and triplets of 
Abell clusters, derived mean separations for them, and hinted at 
possible dynamical interactions from the few redshifts available. 
All of these studies give a generally consistent view of 
superclustering: clusters form elongated associations (with 
"field" galaxies scattered between them in some cases) with sizes 
ranging from '30 Mpc to \70 Mpc. Axial ratios vary from about 2 to 
1 to about 8 to 1 in the extreme case of the Perseus -Pegasus 
Stream. The superclusters are expanding with the general Hubble 
flow, though clusters with spatial separations of less than about 
5 -10 Mpc give some signs of gravitational interaction. There are 
also indications that all groups, clouds, and clusters - perhaps 
even all galaxies (Corwin 1967) - are members of one supercluster 
or another, though the evidence for this is mostly statistical. 
Finally, there is also evidence from many sources (e.g. Shapley 
1938a, de Vaucouleurs 1971, Kalinkov 1977 and references therein, 
van den Bergh 1961, Dodd et al 1975, Kiang and Saslaw 1969, Hauser 
and Peebles 1973, Shane and Wirtanen 1967, Chincarini and Rood 
1979) that very large scale inhomogeneities of the size expected 
of third -order clusters (i.e. several hundred megaparsecs) exist. 
Beyond this, the data run out, but the clues are tantalyzing: 
perhaps our universe is a vast if irregular hierarchy of matter 
(e.g. de Vaucouleurs 1970). Only more data can give us a definite 
answer. 
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[At this point, it is worth mentioning that the largest 
scale inhomogeneities detected in the optical data are not con- 
firmed in many studies in other wavelengths. See e.g. Golden 
(1974) and Webster (1976a,b) for statistical studies showing the 
randomness of the extragalactic radio source distribution, and 
Weiss (1980) for evidence that the microwave background radiation 
is smooth to better than one part in a thousand. Hwever, a few 
puzzles remain even here. For example, Bell (1969), Karoji (1975), 
Burbidge (1977) and _Bolton and Savage (1978) report inhomogene- 
ities in the number of QSO's over the sky and in redshift space, 
and Sofue et al (1968) suggest that measures of Faraday rotation in 
distant radio sources are correlated by a "metagalactic" magnetic 
field of " 10 -9 gauss intensity. All of these studies imply in- 
homogeneities of hundreds of megaparsecs extent - but the data are 
scanty, so not too much should be made from them.] 
D. Studies of Individual Superclusters 
In this section, we shall concentrate on the structural 
features of known superclusters. Though it is possible to go be- 
yond structural studies with the data at hand [to determine e.g. 
the deceleration parameter (Jones 1976) or the ratio of "present" 
density to critical density (Ford et al 1981)], the structure of 
superclusters and the distribution of matter and luminosity with- 
in them are our main concerns here. 
1) The Coma Supercluster 
The first radial velocity observations suggesting that the 
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Coma Cluster might be a part of a larger supercluster came in the 
1950's from Lick, Mt. Palomar and Mt. Wilson (HMS, Zwicky 1957a). 
However, it was not until Chincarini and Rood (1976a) had col- 
lected 50 redshifts from a magnitude limited sample to the west of 
the Coma Cluster itself that it became clear just how great the 
extent of the Coma Supercluster might be. Chincarini and Rood 
traced it to about 15 Mpc from the centre of the Coma Cluster, 
while Gregory and Thompson (1978) showed that a "bridge" of gala- 
xies extended all the way to another rich cluster, A1367, at a 
projected distance of about 20 Mpc. The redshifts of both clus- 
ters and of galaxies along the "bridge" are nearly identical, so 
that an association was assumed. Surprisingly, the velocity dis- 
persion of the galaxies in the "bridge" is small compared to that 
within the clusters. It thus seems that redshifts may be used to 
fairly accurately map the structure of superclusters when other 
distance indicators are lacking (see Chapter 3, Section I for more 
evidence of this). 
Others to suggest that Coma was a part of a supercluster 
were Shapley (1934b) and Tifft and Gregory (1976). Other galaxies 
and groups in the same redshift range have been found a consider- 
able distance from the cluster by Zwicky (1957a), Eastmond (1976), 
Chincarini and Rood (1979) and by Corwin and Emerson (1981; Appen- 
dix A of this thesis). The most complete study to data is that by 
Tago (Einasto 1980, private communication); this will be discussed 
further in Section VII below. 
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2) The Pegasus and Hydra- Centaurus Superclusters 
Chincarini and Rood (1976b, 1979) have called attention to 
other superclusters in Pegasus and in the Hydra- Centaurus region. 
Little is yet known of these superclusters aside from their asso- 
ciation with well -known rich clusters. The Pegasus Supercluster 
contains the Pegasus II Cluster while Hydra- Centaurus contains the 
two clusters bearing those names (the clusters are connected by a 
bridge of galaxies as are Coma and A1367. Smyth 1980 has a thor- 
ough discussion of the Hydra Cluster - also called A1060 - and 
Dawe et al 1977 discuss the Centaurus Cluster). 
3) The Hercules Supercluster 
Shapley first noted this supercluster in 1933 and it has 
been an area of intense study ever since (e.g. Shane and Wirtanen 
1954, 1967; the Burbidges 1959; Abell 1961; Corwin 1967, 1971 and 
Chincarini and Martins 1975). Abell suggested that the Hercules 
Supercluster might extend some 20° northward to include the two 
rich clusters A2197 and A2199 at the same redshift, and the present 
writer notes two other Abell clusters (A2052, A2063) nearly the 
same distance to the southwest, again with similar redshifts. 
Thuan (1980) extends the grouping even further in the same direc- 
tion, including six more Abell clusters. If this entire complex 
is associated, its length would be on the order of 100 Mpc. 
Another interpretation, set out in the next section, seems more 
likely, however. 
The most thorough study of the Hercules Supercluster to 
date is that by Tarenghi et al (1979a,b). Their work is restricted 
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to an area within a few degrees of the three rich clusters A2147, 
51, and 52, but they show that this complex region contains several 
groups and clusters as well as a "dispersed component" rather simi- 
lar to the "bridge" in the Coma Supercluster. They note two fore- 
ground "layers" of galaxies, one first mentioned as a possible 
group by Corwin (1967), both specifically noted by Chincarini and 
Martins (1975). Lately, Giovanelli et al (1981) have extended the 
study to the 21 -cm HI line properties of the galaxies, showing that 
spirals in the area of the diffuse X -ray source coincident with 
A2147 are HI deficient compared with those outside this area. They 
also quote Corwin and MacGillivray (unpublished) who have two - 
colour COSMOS photometry of most of these galaxies: the HI defi- 
cient sample is significantly redder, though the mean morphological 
types of the two samples are the same.The conclusion is that these 
HI- deficient galaxies have been swept of much of their gas and 
dust that other wise would have formed more young blue stars that 
give these galaxies their characteristic colour. 
4) The Perseus Supercluster 
The famous Perseus -Pegasus Stream, first specifically noted 
by Waters (1896), has recently received considerable attention 
CUM _et al 1975, Aaronson et al 1980, Gregory et al 1981). 
Gregory et al (1981) find that the Stream is as deep in redshift 
space as it is wide on the sky (about 4 Mpc), and that the position 
angles of member galaxies are preferentially aligned with the 
Stream. The supercluster that the Perseus- Pegasus Stream is a part 
of will be discussed further in Section VII. 
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5) The Horologium Supercluster 
Dawe et al (1979) have published a preliminary discussion 
based on about 130 redshifts of galaxies in the area of the well - 
known Horologium Cloud (Pickering 1899, Shapley 1935a, de Vaucou- 
leurs 1956b). As with Hercules, this is a rich and complicated 
region with many groups and clusters, but Dawe et al find that 
several of them appear to form a supercluster at about 170 Mpc 
distance. One of the clusters is a well -known X -ray source and has 
been studied by several other groups [e.g. Havlen and Quintana 
1978, Quintana and Havlen 1979, Dodd et al (1979), Chincarini et 
al (1981)]. 
6) The Ursa Major Supercluster 
An important radio and optical study by Schuch (1979, 1981) 
of the Ursa Major Supercluster shows it to be an association of 
Abell clusters and many smaller groups at a velocity of about 
18,000 km sec-1. It appears to have a projected diameter of about 
50 Mpc, and seems to be expanding with the Hubble flow. The radio 
properties of the included galaxies and clusters are apparently 
normal, differing little if at all from other radio surveys not 
specifically including superclusters. 
7) Other superclusters 
Ford'et al (1981) and Harms et al (1981) have studied two 
of the more distant superclusters listed by Abell (1961) and by 
Murray et al (1978) with the view of deriving the mean mass density 
of the universe (their results strongly favour an open universe). 
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At the same time, they suggest that "gravity has noticeably slowed 
the Hubble expansion of both superclusters." 
Finally, Perrenod and Lesser (1980) have redshifts in one 
of the apparent superclusters identified by Murray et al (1978) 
from Abell's (1958) catalogue. In a small area only two by two 
degrees square are eight Abell clusters all at the same nominal 
distance in an elongated configuration suggestive of the several 
other superclusters known. In redshift space, however, the eight 
clusters break up into three distinct streams, each well- separated 
from the others in redshift, but completely intermixed in position 
on the sky. Furthermore, apparent cluster members can belong in 
actuality to different physical clusterings. 
VII. Macrostructure in the Universe 
One aspect of the study of superclusters stressed again and 
again is the existence of empty "holes" in the three dimensional 
distribution of galaxies. In redshift histograms or in "cone" dia- 
grams (redshift plotted versus right ascension, declination, or 
some combination thereof), these holes appear as gaps. Good exam- 
ples are given by Chincarini and Rood (1976a), Gregory and Thompson 
(1978), and Perrenod and Lesser (1980). 
Though first explicitly noted by Chincarini and Martins 
(1975) and Chincarini and Rood (1976a), the phenomenon had been 
mentioned earlier (e.g. de Vaucouleurs 1971 and references therein; 
Peterson 1974). It was first fully exploited however as a method 
for determining the macrostructure of the nearer parts of the uni- 
verse by Jöeveer et al (1978a,b). The Estonian group has continued 
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its work to the present (see Einasto et al 1980a for references), 
and the picture that is emerging from their studies is in some ways 
revolutionary. 
Other work continuing and confirming the general results 
presented below is that by Tully and Fisher (1978), Kirshner et al 
(1978), Tarenghi et al (1979a,b), Chincarini (1978), Einasto et al 
(1980a,b), Chincarini and Rood (1979), Perrenod and Lesser (1980), 
Thuan (1980), Tago (Einasto 1980, private communication), Ellis et 
al (1980, private communication), and Davis et al (1981). Since 
the conclusipns of all the studies cited above are qualitatively 
similar, a general description following Einasto et al (1980a) and 
Davis et al (1981) is set out here. 
Space is dominated not by galaxies or clusters, but by 
holes nearly devoid of galaxies. Surrounding these holes are fila- 
mentary chains and thin sheets of galaxies, groups and clusters. 
The richest clusters occur where these sheets and chains intersect 
in space (the Perseus cluster, A426, and the Hercules Clusters, 
A2147, 51, and 52 are good examples). The chains of clusters and 
groups can be traced through space around an almost empty "hole" to 
form in projection an irregular annular or ringlike association of 
objects. At rich clusters, the sheets and filaments may branch 
into two or more chains which in turn can be traced around other 
"holes." The Estonian group thus defines a supercluster as a hole 
with its surrounding filaments, sheets of galaxies and clusters. 
Thus, neighbouring superclusters share the separating "walls" and 
filaments. The Perseus- Pegasus stream, for example, belongs to not 
only the Perseus Supercluster, but also to the neighbouring 
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Andromeda Supercluster. Thus, the macrostructure of the universe 
might adequately be visualised as sponge -like. Not only do the 
sheets and filaments intersect, but so do the voids and holes. 
This visualisation might also be extended in two ways to include 
the very large scale density variations seen by some as "third - 
order clusters" (references in Section VI -C above) - the galaxy/ 
cluster density within the filaments might be higher in some regions 
of the universe or alternatively the voids might be smaller (or 
both). This,however, is speculation - very little data yet exist 
which would allow a choice between these alternatives, or among 
others not amenable to the sponge analogy. 
VIII. Purpose and Overview of the Present Work 
As mentioned above in the first section, the purpose of 
this thesis is primarily to examine a more distant region of space 
in some detail to see if the general structure outlined in the 
previous section holds true, or if there might be discernible 
changes in it. 
However, this particular goal grew out of another: to 
provide structural parameters for a moderately distant supercluster 
that might be easily studied via UK Schmidt plates and the COSMOS 
machine. This original goal guided the initial phases of the pro- 
ject through 1976 and 1977 when the sponge -like macrostructure set 
out in the previous section was only being hinted at. With the 
appearance or more and more work on the macrostructure over the 
past four years, however, the writer's ideas and the goal of this 
thesis inevitably changed. 
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A part of the change came about directly through this 
study, however, The work can be best put in perspective by noting 
that Sections II through VI of this chapter, and much of Chapter 2 
and 4, are roughly contemporaneous in that they deal with super - 
clusters as discrete entities. The remainder of the thesis re- 
flects the shift to a different viewpoint regarding "supercluster- 
ing" as just one aspect of the large -scale sponge -like distribution 
of luminous matter in the universe. 
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CHAPTER 2 
Southern Optical Sky Surveys and the 
Discovery of the Indus Supercluster 
I. Introduction: Historical Southern Sky Surveys 
The first telescopic survey of the southern sky was carried 
out by Lacaille at the Cape of Good Hope from 1751 to 1753. His 
prime goals were navigational and astrometric, however, so that the 
list of 42 non -stellar objects that he published (Lacaille 1755, 
Glyn Jones 1975) is hardly complete for even naked eye nebulae and 
star clusters. Dunlop's (1828) list of 629 southern deep sky ob- 
jects is marred by very poor positions so that even today less than 
a third of his nebulae and clusters have been identified with cer- 
tainty. 
Thus, the first survey of any continuing use is that which 
John Herschel carried out at Feldhausen near Cape Town during the 
years 1834 to 1838. The Results of this survey were published by 
him in 1847 in a single volume devoted principally to nebulae, star 
clusters, and double stars. For the nebulae that we today call 
galaxies, Herschel's work is essentially complete to about the 13th 
(photographic) magnitude. However, there are tens of brighter 
galaxies not seen by Herschel (primarily of low surface brightness), 
and hundreds of fainter objects- to about the 15th magnitude - 
that he did find. Herschel's work thus remains valuable as a 
basic finding list for studies of the distribution of nearby galax- 
ies in the south, and for work on groups and clusters there, also. 
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Unfortunately, the Revised New General Catalogue (RNGC; 
Sulentic and Tifft 1973) was published before the major southern 
Schmidt surveys (Section II, below) were generally available. Thus, 
112 of Herschel's objects in the RNGC have no modern data. Such 
was the quality of Herschel's work, though, that only one of these 
112 objects has been since found to be spurious (Corwin, unpub- 
lished). Therefore, the RNGC remains a useful finding list for 
Herschel's southern objects. 
Using the Franklin -Adams plates taken soon after the turn 
of the century, Reynolds (1921a, h) published a list of positions, 
diameters, position angles, and short descriptions of the brighter 
southern "spirals." For the most part, these galaxies are included 
in Herschel's catalogue, though the additional data proved useful 
in Reynolds' distribution studies mentioned in Chapter 1. So, 
until the late 1970's, John Herschel's remained the only areally 
complete survey of southern galaxies that penetrated much beyond 
our local neighbourhood. 
In the years between Herschel's time and the present, photo- 
graphic surveys' to fainter magnitudes than reached by the Franklin - 
Adams plates were begun at Arequipa, Peru by Harvard College 
Observatory astronomers under the general direction of E. C. 
Pickering. A summary of the first few years of this work with 
extensive lists of southern objects is given by Pickering (1908). 
Some 800 southern nebulae and star clusters, found mostly by 
Stewart and Frost, are thus included in Dreyer's Second Index 
Catalogue (1910). 
Under Harlow Shapley's inspired leadership beginning in the 
early 1920's the southern Harvard surveys continued from Peru and 
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South Africa until about 1940. In all, about half the southern sky 
was explored to the 17th magnitude. Detailed results with lists of 
galaxies for a few areas were published (e.g. Shapley 1935a, 
Baker 1933, 1937), but it was not until 1957 that the entire effort 
was admirably summarized by Shapley in his book The Inner Mata- 
galaxy. 
An important part of this work was the justly famous survey 
of galaxies brighter than the 13th magnitude (Shapley and Ames 1932; 
recently updated by Sandage and Tammann 1981). Though essentially 
"complete" only to the 12th magnitude (again, some tens of brighter 
galaxies are missing), the "Shapley -Ames catalogue" is still used 
as a census of the nearest and /or brightest 1250 galaxies. 
The portion of the Shapley -Ames catalogue south of -35° was 
almost completely resurveyed by de Vaucouleurs (1956a) from 1952 to 
1955 with the 30 -inch Reynolds Reflector at Mt. Stromlo near 
Canberra. The publication of this "Reynolds' Survey" marked 
another important step in southern extragalactic work: for the 
first time southern groups, clouds, and clusters of galaxies re- 
ceived more than just passing attention. By this time, de 
Vaucouleurs and a few other astronomers recognized clustering to 
be a dominant property of the distribution of galaxies-modern 
studies of the spatial arrangement of luminous matter in the uni- 
verse had begun. 
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II. Southern Schmidt Surveys 
A. Basic Photographic Material 
In the 1950's, it was recognized that large Schmidt tele- 
scopes would have to be erected in the southern hemisphere to 
complete the sky survey work of the 48 -inch Schmidt at Palomar 
Mountain. It was twenty years, however, before the southern 
Schmidts came into existence. 
In the meantime, surveys with smaller wide -field telescopes 
in South America and Australia were providing plate material for 
limited extragalactic surveys. Among these surveys are those by 
Klemola (1969, groups and clusters), Snow (1970, groups and clus- 
ters), Aguero (1971, peculiar galaxies), Sersic (1974, peculiar 
galaxies, groups, and clusters), and Rose (1976, groups and clus- 
ters). Though patchy in their coverage, these surveys still serve 
as finding lists for extragalactic studies south of the equator. 
The early 1970's saw the European Southern Observatory (ESO) 
erect a 1.0 -m Schmidt at La Silla in Chile; and the Royal Observa- 
tory, Edinburgh (ROE) built a duplicate of the Palomar Schmidt (with 
a few important improvements) at Siding Spring in Australia. 
Together, these telescopes are engaged in several surveys of the 
southern sky. One of these, the ESO /Uppsala Survey (Lauberts et al, 
1981a,b; and references therein) lists about 18,500 non -stellar 
objects, most of them galaxies. Its major advantages are the in- 
clusion of precise positions for all objects, and position angles 
for non -round galaxies. It is serving very well as a finding list 
for galaxies larger than ti 1 arcmin south of S = -17 °. 
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The deepest of the surveys, and the one upon which this 
thesis is based, is that on hypersensitized Kodak IIIa -J fine -grain 
blue -green sensitive plates being taken with the United Kingdom's 
Schmidt (UKS) at Siding Spring. More details will be given when 
appropriate. 
B. Surveys of the UKS "J" Plates 
Working with Prof. Abell, the writer is engaged in a survey 
of southern galaxy clusters as seen on the J plates. This will 
extend Abell's (1958) northern cluster survey to the south celes- 
tial pole. The writer is also working with the de Vaucouleurs on 
a survey of large southern galaxies on the same plates. (See Corwin 
et al 1980, 1981 and references therein for details and preliminary 
results for late -type galaxies south of ô = -22 °.) 
It was realized that a realistic exploration- even a pre- 
liminary one- of a single supercluster for a thesis project would 
have to depend on more distant objects than those noted during the 
large galaxy survey. Inasmuch as a study of the supercluster with 
the COSMOS machine was also planned, the practical problems of data 
collection and handling dictated that no more than 10 to 15 UKS 
J plates be involved. The rich cluster survey was seen to be the 
perfect means for locating a supercluster satisfying these practical 
limitations. A candidate object was indeed quickly found. 
(In addition to those mentioned just above, another note- 
worthy survey on the UKS J plates is that by Arp and Madore for 
peculiar galaxies. Complete from the south celestial pole to 
d = -22 °, it contains positions, diameters, types, and notes for 
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several thousand peculiar galaxies. Preliminary results are given 
by Arp and Madore (1977).) 
III. A Suspected Supercluster 
A. Desiderata 
In addition to being distant enough to cover only a few UKS 
plates, the supercluster still had to be near enough to be accesible 
with the 1.0 -m Elizabeth Reflector at the South African Astronomical 
Observatory (SAAO), and with the 1.9 -m Knox -Shaw Reflector at SAAO. 
It was planned to calibrate the UKS plates by photoelectric aperture 
photometry of some of the brighter supercluster galaxies, and to 
obtain spectra for some of these same galaxies, with the SAAO 
telescopes. 
The candidate object first seen in Southern Sky Survey field 
145 (field center at 21h32m, -60 °, in an area of the sky not covered 
by any of the Harvard surveys) seemed to be ideal. It consists of 
two quite rich elongated clusters at an estimated redshif t of 
z _ 0.07 to 0.08, along with several other clusters, groups, and 
clouds at the same apparent distance. If the candidate object was 
indeed a supercluster at approximately 200 to 250 Mpc, it would be 
expected to span about 10° if it had the typical supercluster di- 
ameter of ti50 Mpc as reported by e.g. de Vaucouleurs (1970, 1971) 
and Abell (1974, converting from his distance scale based on Ho = 
50 km sec-1 Mpc -1). Therefore, to allow complete coverage of the 
suspected supercluster with a considerable amount of "field" around 
it, sixteen 6.4° x 6.4° UKS fields, centred approximately on the 
position of the rich double cluster (21h48m, -58 °), were chosen as 
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the initial survey area. Data for each of the plates of these 
fields are listed in Table 2 -l. Their sky coverage is shown in 
Figure 2 -1. 
Figure 2 -1 also shows the distribution of all galaxies in 
the initial survey area that are larger than D25 = 2.0 arcmin. 
These are the galaxies included in the large galaxy survey (Section 
II -B above). (Inasmuch as the reduction from measured diameters to 
D25- the diameter at the 25.0 mag sec -2 isophote- is preliminary, 
the final selection of large galaxies in these fields may differ 
slightly from those shown in Figure 2 -1.) Since additional data 
subsequently showed that none of these galaxies is associated with 
the suspected supercluster, they will not be discussed in detail in 
this thesis. At the moment, we only note that most of them are 
members of the nearby Pavo -Indus Cloud (de Vaucouleurs 1956a, 
1975a) or the slightly more distant NGC 7014 Cloud (Sandage 1978; 
Chapter 3 of this thesis.) 
B. Cluster Survey 
Having delineated the initial survey field, UKS plates were 
obtained for the sixteen fields included. In several cases, the 
plates were copies on Kodak Process emulsion kindly made for the 
project by the UKS Telescope Unit at Siding Spring. The remainder 
were non -survey grade original UKS J plates judged adequate for the 
work. 
The plates were scanned as usual for rich clusters, and 
parameters were estimated for the clusters found (see Abell 1958 
for details; magnitude estimates for cluster galaxies are also 
discussed in Chapter 4 of this thesis.) The clusters estimated to 
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Plates in the Initial Survey Area 
(1950) S Plates (C = copy) 
106 20 32 -65 J1764, J2539C 
107 21 16 -65 J9 08 
108 22 00 -65 J1728 
109 22 44 -65 J954 
144 20 54 -60 J892 
145 21 32 -60 J1578#, J1759C* 
146 22 10 -60 J1873C# 
147 22 48 -60 J1579, J18 08 C 
187 20 54 -55 J1577, J3370C 
188 21 27 -55 J1592C# 
189 22 00 -55 J3474*, J4584c# 
190 22 33 -55 J1765C* 
235 21 00 -50 J3389 
236 21 30 -50 J1823, J2391C# 
237 22 00 -50 J2376, J3658C* 
238 22 30 -50 J961 
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Figure 2 -1. The initial survey area, comprising fields 106 - 109, 
144 - 147, 187 - 190, and 235 - 238. Galaxies with log D25 > 1.3 
from the southern galaxy survey are also shown, ellipticals and 
lenticulars as closed circles, spirals and irregulars as open 
circles. 
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be closer than z _ 0.1, whether or not they are rich enough to 
warrant inclusion in the final cluster catalogue, are listed in 
Table 2 -2. Their distribution in various estimated redshift ranges 
is shown in Figures 2 -2 to 2 -4. Finally, all of the clusters 
nearer than about z _ 0.08 are shown in Figure 2 -5 along with 
additional poorer nearby clusters listed by Duus and Newell 
(DN, 1977) and by Braid and MacGillivray (BrM, 1978). These 
clusters and groups form the basic sample used to trace the struc- 
ture of the suspected supercluster. 
The clusters show a striking non -random distribution. Of 
the 48 clusters represented in Figure 2 -5, 25 occupy a slightly 
ellipsoidal area about 8° x 10° across centred near 21h55m, -54 °. 
In other words, more than half of the clusters in the initial 
survey area are confined to about 15% of the area. Even more 
surprising is the apparent approximately annular distribution of 
these clusters. This type of apparent structure is reminiscent of 
the "cell" structure of superclusters suggested recently by 
Jóeveer, Einasto, and their colleagues in a remarkable series of 
papers still in progress [Jóeveer and Einasto 1978, Jóeveer et al 
1978, Einasto et al 1980a,b, Tago ( Einasto 1980, private communi- 
cation); and references therein]. Is this apparent annulus of 
clusters another example of a "cell" in space? Are galaxies and 
clusters arrayed in sheets and chains around an almost empty "hole "? 
The remainder of this chapter, as well as the next two, are devoted 
to observational tests of these questions. 
An obvious first step is to extend the cluster survey to 
more fields around those already scanned. Unfortunately, J plates 











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Figure 2 -2. Clusters from the southern rich galaxy cluster survey 
with z < 0.046 (z estimated from m10). Clusters shown as dashed 
circles have fewer than 50 members in the magnitude interval m3 to 
m3 + 2. Circle radii approximate the Abell radii. 
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Figure 2 -3. Same as Figure 2 -2, but for 
clusters with 0.046 < z < 
0.070. 
58 
Figure 2 -4. Same as Figure 2 -2, but for clusters with 0.070 < z < 
0.095. 
59 
Figure 2 -5. All clusters in the initial survey area with z < 0.08. 
Clusters are from Duus and Newell (1977) and Braid and MacGillivray 
(1977) as well as the southern cluster survey. 
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that were, and use of the DN and BrM lists, gives the nearly com- 
plete picture seen in Figure 2 -6. The annular structure of 
Figure 2 -5 is seen to be more or less isolated by considerable 
stretches of "empty" space around it. 
C. Galaxy Counts 
1) Introduction 
A second obvious test of the apparent annulus of clusters 
is to simply count galaxies in the area above a certain limiting 
magnitude. Though an unsuccessful attempt was made to do this with 
the COSMOS machine (see Chapter 4), it was counts by eye of galax- 
ies larger than a limiting diameter of twelve to fifteen arcsec 
that finally gave the desired data. 
2) Limiting magnitude of the counts 
The counts had to be made to a limiting diameter rather 
than to a limiting magnitude because no adequate magnitude calibra- 
tion for the J plates existed when the counts were begun. However, 
it is still of some interest to know the approximate limiting mag- 
nitude to which the limiting diameter corresponds. Several dif- 
ferent estimates of this limiting magnitude are possible. 
1. The mean number of galaxies per square degree counted 
in the fields is 85 ± 15. Luminosity functions for "field" galaxies 
(e.g. Brown 1978, Rainey 1977, MacGillivray and Dodd 1980b)entered 
at this number suggest a limiting magnitude of B = 18.7 
± 0.4. 
2. The number of galaxies per square degree is also the 
same (to within the errors) as given by the Lick counts. This 
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Figure 2 -6. The extended survey area with clusters as in Figure 2 -5. 
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implies the same limiting magnitude of B = 18.9 ± 0.5 (Kron and 
Shane 1974). 
3. COSMOS scans of seven of the fields (see Chapter 4) 
provided integrated isophotal magnitudes for many galaxy images on 
each plate. For galaxies in common with the counts in several 
areas on the plates, the limiting magnitude was m. = 18.9 ± 0.5 
which corresponds to mB _ 19.3 ± 0.5 (again, see Chapter 4). 
4. Step -scale estimates of the magnitudes of the faintest 
galaxies counted were also made in several areas in each field. 
(The step -scale calibration is discussed in Chapter 4). This gave 
mB = 19.0 ± 0.6. Since the step scale was used to help calibrate 
the COSMOS data, however, this and the previous estimate are not 
independent. 
The mean limiting magnitude from these four estimates is 
B = 19.0 ± 0.5:. The error is estimated and may be optimistic for 
two reasons: 1) isophotal magnitudes quoted above from the various 
sources refer to different (general unknown) isophotes; and 
2) because galaxies of a given diameter have a wide range of surface 
brightnesses, the isophotal magnitudes for such a diameter limited 
sample will also cover a wide range. 
3) Counting procedure 
The plates were examined with a 10 -power binocular micro- 
scope through transparent plastic overlay sheets. Each 
galaxy 
larger than the limiting diameter was marked on 
the plastic overlay 
directly above the galaxy's image on the plate. 
A coordinate grid 
was also marked on the overlay; it was transferred 
from standard 
equatorial coordinate grids aligned with reference 
to SAO stars in 
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the fields. 
The overlay sheet with the positions of the galaxies marked 
on it was then placed on a sheet of paper ruled with 1 -cm squares, 
and the number of galaxies in each square centimeter was counted. 
These 1 -cm counts were then added by fours to give 2 -cm counts, the 
number of galaxies in each 2 -cm square across the plate. At the 
same time, a reduction factor was applied to reduce the raw counts 
to the counts in field 145. The reduction factors are simply the 
ratios of the total count in the overlap areas common between 
plates. Since the plates overlap by more than a degree, this pro- 
cedure is reasonably accurate (Table 2 -3, below). The process had 
to be performed stepwise for fields not directly overlapping field 
145, but more than one "route" back to field 145 was often taken. 
For example, the plate factor for field 237 was found not only by 
comparing it with field 189 (which overlaps it and field 145), but 
also through comparison with field 236 which overlaps field 188, 
which in turn overlaps field 145. The largest difference in the 
plate factors derived by this stepwise procedure was 11 %, with 
values of 4% to'6% being typical, showing that the procedure is 
accurate. This is also an indication of the accuracy of the counts 
on a single plate. In other words, the diameter limit was consis- 
tently maintained while counting across a single plate. The plate 
factors, which are listed in Table 2 -3, show that the counts can 
vary up to 30% between plates. However, this still amounts to only 
± 0.4 mag, which is more than adequate for the present purposes. 
The reduced 2 -cm counts, as well as the raw 1 -cm counts, 
are available on request from the writer. 
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A B f = A/B 
F145-F107 442 1.15 
F145-F108 510 74 373 1.27 
F145-F188 969 1004 0.97 
F145-F189 769 647 1.19 
F189-F190 1013 1289 0.78 
F145-F190 Through F189 0.93 
F146-F190 481 556 0.87 
F145-F190 Through F146 0.87 
F145-F190 Adopted 0.90 
F145-F146 1404 1394 1.01 
F146-F147 781 721 1.08 
F145-F147 Through F146 1.09 
F188-F236 853 1056 0.81 
F145-F236 Through F188 0.78 
F189-F236 207 310 0.67 
F145-F236 Through F189 0.79 
F145-F236 Adopted 0.78 
F189-F237 766 825 0.93 
F145-F237 Through F189 1.10 
F236-F237 1226 818 1.50 
F145-F237 Through F188,F236 1.17 
F145-F237 Adopted 1.14 
F237-F238 767 1170 0.66 
F145-F238 Through F188,F236,F237 0.77 
F145-F238 Through F189,F237 0.72 
F190-F238 891 1192 0.75 
F145-F238 Through F146,F190 0.65 
F145-F238 Through F189,F190 0.69 
F145-F238 Adopted 0.71 
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The raw counts were processed in no way other than reducing 
them to field 145. Specifically, most of the various correction 
factors used by Shane and Wirtanen (1967) to reduce the Lick galaxy 
counts to a uniform system across the sky are taken into account by 
the procedure outlined above. Only vignetting (and possibly other 
field effects; see Chapter 4) and differential atmospheric extinc- 
tion might contribute to small residual errors in the counts. How- 
ever, these errors will be much smaller than the uncertainty arising 
from counting galaxies to a limit which is several magnitudes above 
the plate limit. 
Finally, isopleths were drawn through the reduced 2 -cm 
counts field by field. To demonstrate the adequate repeatability 
of the counts in the overlap areas, the isopleths for four adjacent 
fields are shown in Figure 2 -7. Isopleths for the entire prime 
survey area, the eleven fields containing the annular concentration 
of clusters noted above, are shown in Figure 2 -8. The annulus can 
be seen in the isopleths, but the picture is of course irregular as 
well as contaminated by background galaxies and clusters. 
In order to trace the large -scale structure in the region 
more easily, the reduced 2 -cm counts in each field were smoothed by 
averaging the counts over nine 2 -cm squares, giving the central 
square weight 3, and the other eight squares weight 1 (these 
smoothed 2 -cm counts are also available from the writer on request.) 
The isopleths drawn through the resulting smoothed 2 -cm counts are 
shown in Figure 2 -9. This figure clearly confirms the picture 
given by the clusters in Figure 2 -5: a large ring -like assembly of 
clusters, clouds, and groups is apparently seen in projection. 







50 Galaxies deg -2 - 400 - 100 800 ® JJ 
Figure 2 -7. Isopleths for galaxies counted in 2 cm square cells for 
four plates in the prime survey area. 
22h 30m 22h 21h 3',/m 
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Figure 2 -8. Isopleths as in Figure 2 -7, but foE all eleven plates in 
the prime survey area. The dashed circle at 22 05m -470 12' locates 
the 2nd magnitude star a Gruís whose image obscures galaxies near it. 







galaxies connecting the various groupings. Similar structures can 
be seen in the Lick maps (Shane and Wirtanen 1967). Examples are 
centred at 1h15m -5° (about 15° in diameter), 11h30m +28° (12° x 5°), 
and 10h50m +48° (18° x 100). 
Since the limiting magnitude of the galaxies represented in 
Figures 2 -8 and 2 -9 is known, an estimate of the mean limiting dis- 
tance of the counted galaxies can be made. As noted in Chapter 1 
(and confirmed in Chapter 4), the galaxies most likely to be counted 
in magnitude limited surveys have absolute magnitudes distributed 
more or less normally around the "break" in the integral luminosity 
function (Abell 1975 and references therein, refers to this break 
as m *. Chapter 4, Section VIII has a more detailed discussion). 
Since the absolute magnitude of m* is about -18 (Chapter 4), the 
distance modulus of the "average" limiting galaxy counted here is 
p _ 37, corresponding to a distance of _ 250 Mpc. The distance of 
the galaxies having the most influence on the structure seen in 
Figure 2 -9 will be somewhat less than this, but lacking a differen- 
tial luminosity function for the field, no exact estimate is pos- 
sible. 
D. Galactic Absorption? 
- The first obvious question that one must ask when confronted 
by such an apparent non -random distribution of galaxies is whether 
it is indeed representative of the true distribution of galaxies, or 
whether it is an accident caused by galactic absorption. 
Galactic latitudes in the prime survey area range from about 
-35° to -60 °, and the star density is rather high. There is un- 
doubtedly patchy absorption in the area. However, the smoothed 
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galactic absorption AB, as given by the RC2 formulation, ranges only 
from 0.44 to 0.29 mag: relative smoothed absorption is small. 
Some idea of the amount of patchy galactic absorption can 
be had by reference to the survey of galactic neutral hydrogen 
column densities by Heiles and Cleary (1979). Their data are 
plotted as isopleths in Figure 2 -10 where it can be seen that there 
is no correlation of column density with galaxy count. This data, 
combined with the work of Burstein and Heiles (1978a,b), can also 
give an estimate of the range of absorption in the survey area. 
This predicts a maximum change in E(B -V) across the field of 0.048 
mag. With R = AB /E(B -V) = 3.1 (Turner 1976), the maximum change in 
AB through the prime survey area is AAB = 0.15 mag, in agreement 
with the value predicted by the RC2 formula. This figure reflects 
the patchy galactic absorption as revealed by HI column density 
measurements (with the variable gas -to -dust ratio taken into ac- 
count), not just the change in the smoothed average absorption 
across the field. It thus puts a severe constraint of only ti 15% on 
the allowable distortion to the galaxy counts by galactic absorp- 
tion. Even the smoothed 2 -cm counts of Figure 2 -9 (note that the 
smoothing of both Figures 2 -9 and 2 -10 is about one degree; they 
are therefore directly comparable) show variations of factors of at 
least The range of galactic absorption would have to be nearly 
two magnitudes to account for this-and the factors of variation 
in the unsmoothed counts are much larger still. No reasonable model 
of galactic absorption can produce such drastic variations (see e.g. 
Spitzer 1978). 
The conclusion is therefore nearly inescapeable that the 
annulus of galaxies and clusters is indeed a projection of the true 
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22h30m 221 260m 
Figure 2 -10. H I column densities in units of 2.23 x 1018 cm-2 
integrated over the velocity range -100 km sec -1 < VLSR 
< +100 km 
sec I from Heiles and Cleary (1979). Galactic coordinates for the 
prime survey area are also shown as dashed lines. 
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distribution of these objects onto this part of the sky. The only 
other possible phenomenon that could produce such a feature acci- 
dentally is extragalactic absorption. Again, however, the amounts 
of absorption implied is completely at odds with the evidence. In 
this case, too, the evidence itself is very weak at best (e.g. Abadi 
and Edmunds 1977, de Vaucouleurs et al 1972, Zwicky 1957a) and in- 
deed contradictory (de Vaucouleurs 1978). 
In any event, background galaxies and clusters are easily 
seen through the centre of the annulus (examples from the cluster 
survey are at 2142.5 -5320 and 2149.0 -5348; the redshifts, estimated 
from magnitudes, are z = 0.158 and z = 0.148, respectively), so that 
absorption of any origin cannot be large enough to produce the 
feature. Therefore, Figures 2 -5 and 2 -9 will be taken as repre- 
senting the true distribution of galaxies and clusters, and the 
obvious ring of objects will be refered to as "The Indus Super - 
cluster" until further evidence can be collected. 
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CHAPTER 3 
A Preliminary Redshift Survey 
of the Indus Supercluster Area 
I. Introduction and Assumptions 
Magnitude estimates of galaxies in the rich clusters in the 
area of the Indus Supercluster provided crude distances in the 
previous chapter. (Other photometric methods of determining dis- 
tances of the Indus Supercluster members will be discussed in 
Chapter 4.) However, it is obviously desirable to have much more 
accurate distance estimates in order to examine the large -scale 
distribution of matter in the Supercluster. This can be most easily 
done by 1) assuming a constant Hubble parameter in the direction of 
the Supercluster and 2) measuring redshifts for galaxies suspected 
to be Supercluster members, both in and out of rich clusters. 
The assumption of a constant Hubble parameter carries with 
it the assumption of a very small velocity dispersion outside of 
rich clusters if one wishes to use redshifts as distance estimators. 
Velocity dispersions of a few tens or a few hundreds of kilometers 
per second are commonly reported for galaxy groups (see e.g. de 
Vaucouleurs 197.5a, Tammann and Kraan 1977, Tully and Fisher 1978, 
Materna 1979; and references therein) and for galaxies in clouds 
and bridges between rich clusters (Chincarini and Rood 1976a; 
Gregory and Thompson 1978, Einasto et al 1980 a,b; Davis et al 
1981; and references therein). Therefore, redshifts have been used 
extensively by the investigators quoted above to study the spatial 
distribution of galaxies. 
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Adopting a constant Hubble parameter also assumes no change 
in its value with direction due to e.g. the disturbing influence of 
the Local Supercluster (de Vaucouleurs 1958, 1978; de Vaucouleurs 
and Bollinger 1979; Mould et al 1980; Yahil et al 1980; Tonry 
and Davis 1981; and references therein). However, the area under 
study here (the initial survey area) is relatively small so that 
any differential perturbation due to local motion of whatever origin 
or velocity will also be small. 
This chapter, then, describes a first redshift survey of 
the Indus Supercluster, and the observational results of that sur- 
vey, based on the assumptions above. 
II. Selection and Positions of Galaxies 
Most of the 216 galaxies chosen as candidates for spectro- 
scopic observation are apparent members of rich clusters or of 
groups or clouds. All had precise positions measured with respect 
to SAO stars using the ROE X -Y machine. This has digital readout 
of 10 pm in both x and y directions; exact repeatability of the 
readings in both axes was verified by experiment. Therefore, error 
intrinsic in the readings amounted to about 0.7 arcsec in a and S. 
Measurements were reduced using the standard method of 
dependencies (see e.g. König 1962). For 48 galaxies measured on 
two or more plates, the average deviations are ± 0510 ± 0501 (m.e.) 
in a, and ± 043 ± 0:'04 in S. The standard deviations are ± 0512 
and ± 039, respectively. Assuming a mean declination of -57° for 
the initial survey area, the figures in a become ± 083 and ± 1.'00. 
The larger right ascension errors may reflect x -axis machine 
hysteresis, eyepiece parallax errors, or some unknown observer 
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bias. The declination errors, smaller than those intrinsic in the 
machine, must be fortuitous. Whatever the source of the mean 
errors, however, they are taken to be on the order of one arcsec 
for all objects. 
The galaxies were once again examined, morphological types 
estimated, and observing priorities assigned. Brightest galaxies 
in rich clusters generally received highest priority, followed by 
brightest galaxies in poor clusters or in groups, other apparent 
cluster members, and finally apparent field galaxies. 
III. Observations 
A. Introduction 
Three main series of redshifts were used: 
1. Twenty -five spectra of twenty -four galaxies obtained 
with the Image Tube Spectrograph (ITS) on the 1.9 -m SAAO telescope 
by the writer and Dr. David Emerson; 
2. Schectman scanner observations of twenty -two galaxies 
with the Las Campanas 2.5 -m telescope kindly obtained by Dr. H. C. 
Arp at the writer's request; and 
3. ITS observations of eight galaxies with the Cerro 
Telolo 4 -m telescope also kindly obtained at the writer's request 
by Drs. G. Chincarini and M. Tarenghi. 
Additional redshifts were kindly communicated in advance 
of publication by Drs. M. Green and T. Shanks. The three main 
series of redshifts are further described billow, and all data are 
collected in Table 3 -1. 
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B. Series 1: SAAO 1.9 -m ITS Spectroscopy 
Though this series is described in detail by Corwin and 
Emerson (1981; Appendix A of this thesis), a summary is given here 
for the convenience of the reader. The spectra were obtained 
during a two -week observing run in June 1978. The ITS was used 
with its No. 1 grating which gave a reciprocal dispersion of about 
215 A mm-1 at 5400 A: this varied only slowly with wavelength. 
The spectra, on baked IIa -0 plates with argon comparison 
spectra, were measured with a single -screw travelling microscope. 
The relationship between screw position (read to 1 pm) and wave- 
length was modelled with a second -order polynomial. This gave 
wavelengths for absorption features and emission lines in the 
galaxy spectra, and for night sky emission lines which were subse- 
quently used to zero the galaxy redshifts. 
After several cycles of refining the rest wavelengths of 
the galaxy absorption features, the redshifts were computed using 
the usual non -relativistic formula V = c( ±a /a). The external 
errors in the redshifts, derived through comparison with published 
and other unpublished data, are on the order of ±60 km sec -1. 
Possible small systematic errors in the redshifts are negligible 
for the purposes of this thesis, as is the error introduced by 
using -the non -relativistic approximation for the computing the 
redshifts. 
C. Series 2: Las Campanas 2.5 -m Shectograph Spectroscopy 
by Arp 
Details of observing and reduction procedures will be 
found in Arp (1981). The present observations were made in 
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September 1980, were reduced by Arp to wavelength calibrated 
tracings, then were measured by the writer. 
The centres of all recognizable features were estimated by 
eye, and the wavelengths read to 0.1 X by interpolation along the 
wavelength scale provided. Redshifts were then calculated using 
the rest wavelengths given by the de Vaucouleurs (1967), Sandage 
(1978), Dawe et al (1977), or listed in Tables 2, 4, 5, and 6 of 
Appendix A. Five to twenty -four (average 15) features were used 
in each spectrum for redshift determination. The internal mean 
errors averaged ± 32 km sec -1, compared with Arp's (1981) estimate 
of ± 50 km sec -1 external error. The implied error factor fa = 
ae /o1 = 1.6 is typical (see Appendix A, the RC2, and Sandage 1978). 
Only two objects in Series 2 have been observed by others. 
One, a peculiar irregular galaxy (A2201 -585) from a short list by 
Pedreros (1978) cannot be used for comparison as different parts of 
the galaxy were measured by the two observers. However, there is 
no gross disagreement. The same is true for the galaxy measured by 
Shanks. Thus, while the true external error cannot be found from 
the present observations, there is no reason to doubt Arp's (1981) 
estimate of ± 50 km sec -1. 
D. Series 3: CTIO 4 -m ITS Spectroscopy by Chincarini and 
Tarenghi 
These redshifts have been measured and reduced by the usual 
procedure adopted by Chincarini and his colleagues (see e.g. 
Chincarini et al 1981). They are from a single run in November 
1977. 
Only the H and K features were regularly measured, though 
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the G, H, Mg I, and Na D features were also measured when strong. 
The resulting redshifts have internal mean errors averaging 
± 60 km sec -1. This is in agreement with the external error esti- 
mated as ±70 km sec -1 by Rood (1981). The three redshifts in 
common with Series 1 agree to within the errors, but suggest a 
systematic error in one series or the other. Evidence from other 
redshifts suggest that the error is in the Series 1 redshifts, as 
mentioned above and in Appendix A. 
E. Other Redshifts 
The literature was searched for other redshifts of galaxies 
in the initial survey area; 41 additional redshifts for objects 
beyond the Pavo -Indus Cloud were found. (Data for the Pavo -Indus 
galaxies were not collected. These galaxies, with a mean redshift 
near 3000 km sec -1, are in the foreground and have no direct con- 
nection with the Indus Supercluster.) Unfortunately, only two of 
these 41 redshifts were in common with redshifts in the three major 
series, so that evaluation of errors must stand as set out above. 
While all data 'are accurate enough for the present purpose-mapping 
the space distribution of galaxies in the initial survey area - 
confirmation of their accuracy will be necessary before they can be 
used in dynamical studies of groups and clusters. 
IV. The Redshift Survey 
All 99 known redshifts for the 91 observed galaxies in the 
initial survey area beyond the Pavo -Indus Cloud are listed in 
Table 3 -1. (Identification charts for the galaxies are available 
on request from the writer.) The distribution of the 91 galaxies 
79 
TABLE 3 -1 













































41.9 -63 11 57 
53.1 -61 30 37 
33.8 -53 12 38 
18.0 -52 56 29 
21.7 -52 56 36 
39 -48 57.9 
39 -48 56.o 
07.6 -52 13 00 
08.3 -52 21 13 
19 -52 03.8 
02 -54 22.9 
37 -65 26.2 
00 -48 24.1 
15 -48 23.3 
07 -47 14.7 
24 -47 23.3 
49 -47 45.4 
49 -47 45.4 
29 -47 22.8 
29 -64 13.8 
46 -47 25.7 
55.1 -59 47 33 
04.6 -59 43 05 
rr 
10.9 -59 32 35 
45 -66 03.0 
43 -61 02.5 
54.2 -51 06 12 
05.3 -60 55 06 
38.5 -53 47 4o 
rr 
49.3 -53 51 34 
21.9 -62 18 08 
It 
27.7 -62 10 56 
46.o -56 27 31 
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24.1 -60 54 24 
27.0 -56 28 01 
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Table 3 -1 -- Continued 
S V T Vp s Cluster N 
22 21 14 -64 32.0 +28200 ±48 +28080 E3 2221.6 -6431 
21 29.8 -56 43 21 26634 23 26552 AC 2221.0 -5644 
21 35 -62 28.0 12890 200 12780 F1 
22 44.7 -56 08 14 24215 38 24136 AC 2222.4 -56o5 
22 51.5 -56 09 57 23269 35 23189 AC n 
30 18.0 -55 03 08 22617 59 22542 CE 2228.5-5500 
31 35 -62 08.6 7945 200 7840 Fi 
32 03.7 -52 38 32 16844 21 16780 AC 2231.8-5243 
32 05.0 -52 38 58 16514 26 16450 AC 
33 22 -61 39.6 12560 170 12440 El 
38 25 -62 16.5 27730? -- 27620? Fl 13 
46 42 -49 06.9 12450 200 12400 F2 
48 54 -67 41.1 11840 200 11700 Fl 14 
56 34 -65 23.7 12000? -- 11870? Fl 15 
57 00 -65 20.3 12890? -- 12760? Fl 13 
58 29 -59 54.4 10007 72 9903 E2,4. 
22 58 29 -59 54.4 10212 103 10108 E2,4 
23 05 28 -62 28.6 8245 200 8130 Fl 
12 51 -59 19.6 13371 24 13267 E2,5 
Positions are'accurate to t 1 in the last place given. 
Redshifts are heliocentric with internal mean errors. 
Source (S) codes: A = Arp (1981), AC = Arp and Corwin, 
this thesis, CE = Corwin and Emerson (1981), CT = 
Chincarini and Tarenghi (private communication), El = 
West (1977), E2 = Bergwall et al (1978), E3 = West and 
Frandsen (1981), E4 = Borchkhadze et al (1977), E5 = 
West et al (1978), Fl = Fairall (1979), F2 = Fairall 
(1981), G = Green (1978), P = Pedreros (1978), R = Rubin 
et al (1976), S = Sandage (1978), Sh = Shanks (private 
communication), W = Whiteoak (1972). Clusters from 
Table 2 -2 or Duus and Newell (1977). 
Notes: 1) N6970. 2) N6984. 3) N7014. 4) N7020 1.8' p. 
5) N7038. 6) Weak H only. 7) 15101. 8) N7124. 
9) 15110. 10) Component D; B is a star. 11) Components 
A,D, and E. 12) N7249. 13) Possible K and H only. 
14) 15257. 15) Possible K, H, and G only; 15272 5' sp. 
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is shown in Figure 3 -1. In spite of the preliminary nature of the 
redshift survey, the distribution of the observed galaxies ade- 
quately mimics that of the Indus Supercluster galaxies and clusters 
as shown in Figures 2 -5 and 2 -9. Therefore, these galaxies will be 
taken as tracers of the overall distribution of matter in this 
area. Much more data will be needed, however, to fully delineate 
the structure of the Supercluster. 
The data for clusters with known redshifts are summarised 
in Table 3 -2. As mentioned in the previous chapter, however, there 
are other poorer clusters and groups which need redshifts to con- 
firm their distances. For convenience, these unobserved clusters 
are listed in Table 3 -3. 
Figure 3 -2 is a histogram of the redshift sample. The 
hatched bars represent galaxies in the prime survey area (solidly 
outlined in Figure 3 -1) while the open bars represent galaxies in 
the five additional fields also included in the initial survey 
area (enclosed by dashed lines in Figure 3 -1). Peaks in this 
histogram occur at around 5000 km sec-1 (the NGC 7014 Cloud), 12000, 
16000, and 23000 km sec -1 (and possibly at 8000 and 20000 km sec -1). 
Troughs are also apparent at 6500, 15000, and 21000 km sec -1. There 
may also be a trough at 25000 km sec -1. This is perhaps due to 
selection (but see Section 5, below). 
These same peaks and troughs are also apparent in the "cone" 
diagrams shown in Figures 3 -3 and 3 -4. Several filaments and chains 
of galaxies and clusters can be traced in these diagrams. Again, 
selection effects may play an important role in shaping these dia- 
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Figure 3 -1. Distribution of galaxies with known redshifts in the 
initial (dashed outline) and prime (solid outline) survey areas. 




TABLE 3 -2 -- Cluster Redshifts 
Cluster 
(x (1950 ) S zo v ng Comments 
20 29.1 -63 12 0.0763 -- 
20 35.9 -61 32 0.0709 -- 1 
20 36.3 -53 14 0.0439 -- 1 
20 47.8 -52 55 0.0446 t620 2 
20 48.7 -52 08 0.0467 390 2 
20 58 -65.4 0.1204 -- 1 













21 30.7 -62 15 0.0555 80 2 
21 31.0 -53 51 0.0772 45o 2 
21 32.2 -52 46 (0.0640) -- 1 z needs confirmation. 
21 32.7 -56 25 0.0691 -- 1 
21 36.1 -51 37 0.0756 -- i 
21 36 -50.9 0.0548 -- 1 
21 42.1 -51 50 0.0535 -- 1 
21 43.1 -57 32 0.0743 -- 1 
21 47.0 -55 33 -- -- 2 See Notes. 
21 47 -62.4 0.0645 -- 1 
21 50.6 -58 05 0.0760 375 4 
21 52.3 -55 49 0.0376 190 3 
21 54.9 -6o 4o 0.0744 -- 1 
21 56.5 -56 24 (0.0754) -- 1 z needs confirmation. 
21 58.2 -60 11 0.1000 240 2 
22 01.1 -58 22 0.0405 50 2 Not Ser 149 -11. 
22 01.2 -50 19 0.0365 70 2 Two clusters superp. 
22 05.8 -59 55 (0.1611) -- 1 z needs confirmation. 
22 12.7 -51 48 0.0680 -- 1 












2 See Notes. 
22 21.6 -64 31 0.0941 -- 1 
22 22.4 -56 05 0.0789 670 2 
22 28.5 -55 00 0.0752 -- 1 
22 31.8 -52 43 0.0554 230 2 
Clusters from Abell- Corwin survey (in preparation) or from 
Duus and Newell (1977). ng = number of galaxies with red- 
shifts. 
Notes: 21 47.0 -55 33, one galaxy has zo= 0.0382, the 
other has zo= 0.0675. 22 21.0 -56 44, one galaxy has 
zo= 0.0355, the other has zo= 0.0886. 
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TAFLE 3 -3 -- Nearby Indus Area Clusters 
Without Known Redshifts 
a 
Cluster 
(1950) S 1 
b R zest Source 
20 34 -63.3 332.9 -36.0 (0) 0.08 STR 
20 58 -48.9 350.6 -41.2 (0) 0.01 STR 
20 58 -66.2 328.6 -37.8 (0) 0.08 STR 
21 15.1 -53 25 344.1 -43.2 -1 0.09 AC, STR 
21 18 -67.5 326.1 -39.1 (0) 0.06 STR 
21 28 -67.0 326.2 -40.2 (0) 0.08 STR, BrM 
21 38 -62.8 330.6 -43.0 (1) 0.08 STA 
21 45 -58.5 335.5 -45.6 (1) 0.08 STA 
21 57 -67.0 324.2 -42.6 (0) 0.08 STR 
22 06.2 -52 04 342.5 -51.0 1 0.10 AC, BrM 
22 17.0 -52 45 340.4 -52.2 0 0.10 AC, STR, BrM 
22 18.0 -57 55 333.2 -49.2 -1 0.10 AC, Rose 73 
22 20 -63.4 326.3 -46.7 (0) 0.06 BrM, Ser 150 -02 
22 26.5 -54 11 337.2 -52.7 -1 0.09 AC, STR 
22 46.5 -64 39 322.0 -48.0 2 0.10 AC, STR, BrM 
Sources: AC = Abell and Corwin (in preparation), STR = 
Duus and Newell (1977), BrM = Braid and MacGillivray 
(1977), Ser = Sersic (1974), and Rose (1977). 
Richness (R) and redshif t estimated on AC scale from 







































































































































































































































Figure 3 -3. "Cone" diagram (right ascension versus redshift) for the 
prime survey area. The R.A. scale has been expanded by a factor of 
2.3 for clarity. Numbers are distances in Mpc from a plane inter- 
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Figure 3 -4. "Cone" diagram as Figure 3 -3, but declination versus 
redshift. Numbers are distances in Mpc from a plane intersecting 
the sky at a = 21 
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15000 km sec -1 to 25000 km sec -1, would help to clarify the 
distribution. 
Nevertheless, the data displayed are consistent with the 
idea of a sponge -like distribution of galaxies. Matter is arrayed 
in irregular and broken filaments around empty cells. There is 
little evidence here for "sheets" of galaxies: the distribution 
in this area seems to be characterized by chain -like filaments. 
Other such chains have been observed as parts of the Coma and 
Perseus Superclusters (Waters 1894; Gregory and Thompson 1978; 
Gregory et al 1981; Einasto et al 1980a,b and references therein). 
These well- observed chains have small velocity dispersions (outside 
of rich clusters embedded in them), so must be filamentary rather 
than sheet -like. Similarly, Davis et al (1981) have recently found 
that the galaxies nearer than about 50 to 60 Mpc are generally 
distributed in filaments rather than in sheets. 
This raises a difficulty in the definition of the term 
" supercluster." Used in its "traditional" sense by e.g. de Vaucou- 
leurs (1956b, 1971, etc.) and Abell (1958, 1961, etc.), the term 
applies to a "clustering of clusters." But clusters are not them- 
selves clustered in the same sense that galaxies are when they 
form a cluster, a point made frequently by Zwicky (1957a and refer- 
ences therein). Nor are the clusters simply arranged in neat 
lines with "field" galaxies bridging the gaps between. One cluster 
may be at the intersection of two or more filaments. So, if 
"supercluster" is taken to mean a chain of clusters and their 
connecting galaxies, can their size be finite? Are "kinks" allowed 
in the filamentary superclusters? Are "branching" filaments parts 
of the same supercluster or two new ones? 
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There are as yet no clear answers to these (mostly semantic) 
difficulties. They arise almost purely from the rudimentary state 
of our knowledge of galaxy distribution. However, the model sug- 
gested by Einasto et al (1980a,b and references therein) in which 
the empty cells and their surrounding "walls" are taken as super- 
clusters seems to match what we do know with the least strain. In 
this model, neighbouring superclusters share elements in common. 
Thus, the Perseus Supercluster and the Andromeda Supercluster share 
the famous Perseus -Pegasus chain (Einasto et al 1980a,b). By this 
model, the "Indus Supercluster" seen in Figures 2 -5, 2 -6, and 2 -9 
is actually several adjacent superclusters on the evidence of 
Figures 3 -1, 3 -3, and 3 -4. 
Somewhat arbitrarily, then, the "Indus Supercluster" is 
taken to be the complex of clusters at 22000 to 25000 km sec -1. 
Even this breaks up into two or three sub -units on inspection. 
However, the entire assemblage seems to be fairly isolated in space 
(see also the next section) so that we can (cautiously) consider 
it as a "separate" unit of matter in the universe. 
The mean redshift of the fourteen observed galaxies in the 
clusters in this redshift range is +22930 ± 157 (m.e.) km sec -1, 
standard deviation ±587 km sec-1. In the prime survey area, there 
are no objects closer than 3.8 standard deviations to this mean 
redshift other than the fourteen galaxies used to derive it. The 
Indus Supercluster is thus at least a statistically significant 
feature if not a "real" one. 
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V. Beyond the Indús Supercluster 
Though the redshift survey carried out here reliably pene- 
trates only to about 25000 km sec -1, there are suggestions in the 
data that another 2000 to 3000 km sec -1 gap exists just beyond this 
limit. Beard (1980, private communication) has measured crude red - 
shifts from an object prism plate for several hundred galaxies in 
an area of four square degrees including the rich cluster 2150.6 
-5805. This cluster appears on Beard's histogram of redshifts, and 
the gap just behind it is verified. Though only 0.005 wide in z, 
one would have expected the mean error in the prism redshifts 
(az = ±0.01) to completely obscure this gap. Since it is still 
present, it must in reality be on the order of 0.01 wide in z, 
agreeing with the scanty information in Figures 3 -2 to 3 -5. 
Since Beard's study covers only a small area, it too must 
be given rather low weight in this attempt to delineate the Indus 
Supercluster. However, it does offer supporting evidence from an 
independent source, so the present conclusion as to the extent of 
the Supercluster remains unchanged. 
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CHAPTER 4 
Photometry, COSMOS Scans, and the Luminosity 
Function of the Indus Supercluster 
I. Introduction 
Though the redshifts collected in the previous chapter 
constitute strong evidence for the existence of the Indus Super - 
cluster as a reasonably isolated collection of galaxies and clus- 
ters, they can only delineate the skeleton of any structure that 
the Supercluster might have. In particular, there are no red - 
shifts currently available for "field" galaxies in the Superclus- 
ter. This leaves unanswered the questions: 1) Do filamentary 
"bridges" of galaxies connect the rich clusters of the Indus 
Supercluster in space as is indicated by the distribution shown 
in Figure 2 -9? or 2) Is the overall annular structure seen there 
merely an accident of projection? 
A relatively straightforward answer to these questions can 
be obtained from the luminosity functions of selected areas in and 
out of the apparent density enhancements. Another more fundamental 
question might also be asked: Are the density enhancements seen 
in the eye counts real? In other words, do objective (as well as 
subjective) galaxy selection procedures reveal the annular struc- 
ture of the Indus Supercluster? 
This chapter addresses these questions. 
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II. Plate Material 
Because of problems encountered during the on -going devel- 
opment of COSMOS, useable machine data was not obtained until 
December 1979. It was therefore decided to limit the COSMOS work 
to the seven U.K.Schmidt fields which contained the bulk of the 
Indus Supercluster. Though this would limit the amount of "field" 
available for comparison, it was felt that the advantages of 
having the "field" areas on the same plates as the "supercluster" 
areas would outweigh any disadvantages incurred. The plates 
scanned by COSMOS are indicated by asterisks in Table 2 -1. 
Figure 4 -1 shows the areas scanned superposed on Figure 2 -9. 
Field 236 is shown in dashed outlines as the COSMOS data for it 
ultimately had to be discarded. Note that all of the plates 
finally used are copy plates; this later became important 
(Section VII, below). 
III. The COSMOS Machine 
Pratt (1977) gives a general overview of the COSMOS 
measuring machine. It has also been discussed and used exten- 
sively for galaxy photometry by e.g. Pickup (1979), Smyth (1980), 
and MacGillivray and Dodd (1980a and references therein). Its 
operation and performance current at the time of the present study 
(December 1979 to June 1980) are discussed by Stobie et al (1979) 
and by Dodd et al (1979). Interested readers are advised to turn 
to those articles and others cited therein for a full description 
of COSMOS, though a brief description is included here for the 
reader's convenience. 
22h3Om _ 22h 2130'" 
500 
55° 
25 - -- 150- 
50 - 200 
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Galaxies deg -2 
Figure 4 -1. Approximate outlines of fields scanned by COSMOS (the 




As the plate is moved in the y- direction by the COSMOS 
plate carriage, a flying spot generated by a cathode ray tube scans 
a one millimetre "lane" of the plate in the x- direction. In its 
thresholded mapping (TM) mode, COSMOS is controlled by an online 
microprocessor using a thresholding algorithm. In essence, the 
algorithm samples an area of the plate (here 1 mm square or 
5 mm x 1 mm) and, by examining a histogram of pixel transmissions, 
determines the mean sky background transmission level of that 
area. A preselected threshold, here 10% of the background, is 
applied to the data and only those pixels of transmissions less 
than the threshold are selected. The data for the selected pixels 
are then output to magnetic tape for further off -line analysis. 
The scanning process takes about 18 hours for the central 250 mm x 
250 mm area of a UK Schmidt plate. 
The plates were scanned in 8 um increments with the spot 
defocused to a nominal 32 pm. Tests by the COSMOS group (Williams 
and Stobie 1980, private communication) have shown that about 60% 
of the light is within the nominal spot size. However, the spot 
is still detectable 16 millimetres from its centre, albeit at a 
very low level. This broad aureole (generally referred to as the 
spot "halo ") is masked by a 3 mm wide slit in the y- direction, but 
cannot be masked effectively in the x- direction since the high- 
speed operation of COSMOS depends on rapid electronically controlled 
motion of the flying spot. This is undoubtedly a factor in de- 
termining the limited density range that COSMOS can measure 
(AD _ 2), though the 128 step digitization of the analogue signal 
from the photomultiplier also imposes limits. 
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Off -line processing of the thresholded data is handled by 
an algorithm designed and implemented by Lutz (1979) that detects 
images in the thresholded data. After joining those images that 
straddle lane boundaries, several image parameters are calculated 
from the zero, first, and second moments of the pixel distribution 
within the image. Those parameters that are used in this study are 
listed in Table 4 -l. Image parameters are stored on magnetic tape 
which may then be used as an imput medium for further processing 
and study. 
IV. Relative Calibration of UK Schmidt Plates 
Each Schmidt plate used carried on it two seven -step 
calibration "wedges," one near the north edge of the plate, the 
second near the east edge. Relative calibration of the plates was 
made using only the east wedge. 
In order that the transmission levels measured by COSMOS 
be converted first to density, then to intensity, the step wedges 
were scanned and the transmission readings converted to the so- 
called "Baker density" through the equation 
w = [(to - tb)/(t - tb)J - 1 (4 -1) 
where- to is the transmission of a clear plate area, tb is the 
"transmission" of an opaque plate area (i.e. it is a measure of 
machine noise), and t is the measured transmission to be con- 
verted to density. 
A plot of log w versus log I, the relative step wedge 
intensity (provided by the UK Schmidt Unit) will generally be 
linear for densities up to 2 or 3, at least for photographic plates 
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TABLE 4 -1 -- COSMOS TAM Parameters Used 
XI 
Intensity- weighted rectangular coordinates 
YI 
au}Unweighted major and minor axes 
bu 
Area Total image area within au , bu 
mraw -250 log (ET - ISky) 
Isky Sky intensity interpolated to image centroid 
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in general use before about 1970 (see e.g. Baker 1925, de Vaucou- 
leurs 1968). Unfortunately, experience showed that this charac- 
teristic curve is not linear for the fine- grained IIIa -J emulsion 
used here (Dawe 1980, unpublished). The several characteristic 
curves for the plates used in this study are superposed in Figure 
4 -2 which confirms Dawes finding of non -linearity. 
However, the COSMOS scanning procedure required a linear char- 
acteristic for conversion of the measured transmission t to the 
"Baker density" w. The actual linear approximations used are 
superposed on the measured points in Figure 4 -2. Except at rela- 
tively high or low densities, these linear approximations are ade- 
quate. The slopes of the linear characteristics, r (= 1 /y, where 
y is the slope of the "linear" part of the so- called "H and D" 
characteristic curve, log D vs log I) are listed below in Table 
4 -3. They are not unusual for IIIa -J plates (M. E. Sim 1980, 
private communication). 
The slopes may have been slightly influenced by one incor- 
rect log I value for the least dense step wedge. This point, 
shown by crosses in Figure 4 -2, was in use during 1978 to mid -1980. 
Recent measurements of the sensitometer steps (K. P. Tritton 1980 
private communication) confirmed all the values of log I except the 
faintest. The history of the log I measurements, from various 
UKSTU newsletters and circulars, is given in Table 4 -2. Except for 
the one measurement for step 7 in 1977, there is no evidence of 
significant changes in the step wedges from 1972 to 1980. In 
general, the COSMOS operator ignored the faintest point when esti- 
mating the linear approximation to the characteristic curve. How- 
ever, slight inaccuracies introduced by this incorrect point may 
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log I 
Figure 4 -2. Relative calibration curves for plates scanned by COSMOS. 
Curves were superposed by shifting in log I axis only. Uncertain 
points are in parentheses, the points affected by the one incorrect 
log I value are shown as crosses, and the adopted linear calibration 
curves are labeled with their plate numbers. 
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TABLE 4 -2 
History of UKSTU Step Wedge log I Measurements 
Step 1972 1977 1978 1980 <log I> CT 
1 3.000 3.000 3.000 3.00 3.000 -- 
2 2.830 2.883 2.830 2.83 2.843 ±0.027 
3 2.640 2.737 2.645 2.67 2.673 0.045 
4 2.455 2.538 2.460 2.48 2.483 0.038 
5 2.268 2.290 2.265 2.26 2.271 0.013 
6 2.061 1.978 2.075 2.03 2.036 0.043 
7 1.858 (1.631) 1.885 1.83 1.858 0.028 
<Cr >_ 1'0.032 
101 
have had some influence on the magnitudes of the objects measured 
on the plates. 
Once the characteristic curves were known, the plates were 
scanned by COSMOS as outlined above. The various image parameters 
were found, and the tape with the parameters was given to the 
writer for analysis. 
V. Absolute Calibration of Galaxy Magnitudes 
A. Introduction and Photoelectric Photometry 
Three different sets of magnitudes in the COSMOS measures 
need to be calibrated against photometric standards. These are: 
1) The limiting isophote uQ to which the COSMOS measures 
of diameters and magnitudes refer (this is a surface brightness), 
2) The background sky level m 
s 
(this is also a surface 
brightness), and 
3) The COSMOS magnitudes themselves m (measuring the 
brightness of an image within its limiting isophote). 
The photometric standards used here were nineteen galaxies within 
the initial survey area which were measured by Corwin (1980; 
Appendix B of this thesis). The measurements and reductions are 
fully-explained in Appendix B. A few brighter galaxies with pub- 
lished photometry were also used. 
B. Magnitude Systems 
Because the IIIa -J plates cover a broader wavelength range 
than do the standard filters of the UBV system in which the 
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photoelectric photometry was done, a transformation between the two 
systems was needed. Though several studies have derived the trans- 
formations for stellar data (e.g. Konzitas 1977, Kron 1980), none 
have yet done so for the composite spectra of galaxies. It is 
well -known that these composite systems require different trans- 
formations than do stars (see e.g. de Vaucouleurs 1961, Sandage and 
Visvanathan 1978). 
Havlen and Quintana (1979) and Kron (1980) have published 
data from which the transformation coefficient in 
mJ = B+a(B-V) (4 -2a) 
may be estimated. Figure 4 -3 is a plot of the residual B - raj 
versus B -V colour index. The solid line is an impartial least 
squares solution 
B - mJ = -0.21 + 0.34(B -V) , a = ±0.04 
±0.04 ±0.04 
The transformation coefficient is well- determined and is signifi- 
cantly larger than that found for stars (a 
stars 
= -0.23). There - 
fore, in what follows, 
m = B - 0.35(B-V) (4 -2b) 
shall be adopted for galaxies of all types. (Note that transfor- 
mations to /from other m systems such as that used by Oemler (1974) 
do not apply to the IIIa -J plates used here.) 
C. Limiting isophote, pQ 
The following information is needed to find the limiting 
isophote corresponding to the threshold cut used: 
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Figure 4 -3. Relationship between standard B magnitudes and magnitudes 
from IIIa -J plates (plus GG385 or 395 filter) as a function of B -V 
for galaxies. The solid line represents the impartial solution 
B - mJ = -0.21 + 0.34(B -V). 
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1) Aperture- magnitude diagrams for as many galaxies as 
possible which were also measured by COSMOS on the plate in ques- 
tion 
2) The COSMOS parameters, unweighted major and minor 
axes (or major axis and eccentricity) and 
3) Luminosity profiles for the galaxies observed photo- 
electrically. 
Examples of the aperture- magnitude diagrams for two gal- 
axies on plate J1759C (Field 145) are shown in Figure 4 -4a. The 
aperture luminosity profiles for these galaxies, found by numeri- 
cally differentiating the aperture- magnitude curves, are shown in 
Figure 4 -4b. Also indicated is the "COSMOS aperture" Au, defined 
as follows: 
log Au = log Du - 0.5 log Ru (4 -3) 
where Du is the unweighted major axis measured by COSMOS, and 
Ru = Du/du = 1/(1-e u) 
where du is the unweighted minor axis and eu the unweighted eccen- 
tricity. Equation (4 -3) gives an "aperture" of the same area as is 
contained in the COSMOS image, assuming the COSMOS image to be 
elliptical. Though equation 4 -3 is strictly applicable only to 
thin disk models of galaxies, a solution for the empirical coeffi- 
cient of log R gave 0.48 ±0.03. The sample included over 100 gal- 
axies with 0 log R25 5 0.8, with well- determined diameters D25 
at the 25.0 mag sec -2 isophote, and with A25derived from aperture 






Figure 4 -4a. Aperture- magnitude curves for three photoelectrically 










26 ' , 
2.5 3.0 2.4 2.8 2.3 2.6 
A114 
Figure 4 -4b. Aperture- surface brightness from the 
smoothed aperture -magnitude curves for the galaxies in Figure 4 -4a. 
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the empirical coefficient is not significantly different from the 
theoretical coefficient for a thin disk model, no galaxies with 
log Ru > 0.3 were used to find limiting isophotes. 
Once Au was known, the aperture luminosity profiles were 
entered to find When several galaxies with photoelectric data 
were available on a single plate, <pi> for that plate was found. 
The resulting values for the limiting isophote are given in 
Table 4 -3. 
Systematic errors in Ilk can result not only from highly 
inclined galaxies, but also when the COSMOS image is blended, i.e. 
is a. multiple galaxy or includes superposed stars. A few of the 
galaxies chosen as photometric standards here had faint neigh- 
bouring images that might cause such errors. Magnitudes for these 
neighbouring images were estimated with a calibrated step scale 
(Section V -F below) and were subtracted from the COSMOS magnitude. 
The largest change in magnitude from this procedure was Am = 0.07, 
well within the systematic mean errors in the COSMOS data. 
D. Sky Background Level, mJ 
The sky background level is simply related to the threshold 
cut T by 
mJP = -2.5 log (T -1 10- 0.4<u1 >) (4.4) 
These values compare reasonably well with the sky values from the 
UK Schmidt night sky photometer. The mean difference is -0.02 ±0.17 
(m.e.) with a standard deviation of ±0.47, or +0.10 ±0.14 and ±0.38 
with the largest difference ( -0.81 for plate J3658C, field 237) 
rejected. Note that the night sky photometer was pointed at the 
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TABLE 4 -3 
Parameters for Plates Scanned by COSMOS 
Plate Field r <mi> m p m JNS mJSB mJSS 
1578 145 0.32 24.30 22.17 22.67 22.15 - -- 
*0.04 
1592C 188 0.36 25.0 22.5 22.48 22.5 22.15 
1759C 145 0.34 24.95 22.45 22.87 22.50 22.20 
±0.07 
1765C 190 0.32 24.81 22.31 --- 22.30 21.90 
*0.12 
1873C 146 0.29 25.3 22.8 22.31 22.3 21.90 
2391C 236 0.35 25.3 22.8 22.68 22.4 
3474 189 0.41 25.0 22.5 22.41 22.4 =110 MNI MEW 
3658C 237 0.24 25.6 23.1 22.29 22.8 22.50 
±0.4 
4584c 189 0.41 24.9 22.4 22.87 22.9 22.60 
<ma> = 22.56 22.57 22.47 22.21 
Tn = *0.10 ±0.08 *0.08 ±0.12 
cr1 
= ±0.29 ±0.23 ±0.24 ±0.29 
raj = night sky brightness, mag sec -1, from: 
P -- photoelectric galaxy photometry 
NS -- night sky photometer 
SB -- magnitude residual - surface brightness 
relationship (equation 4 -8) 
SS -- step scale calibration. 
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south celestial pole during the period when the plates were taken, 
and that the recorded sky brightness readings must be corrected for 
a slow drift in the "standard" source in the photometer (see the 
UKSTU Newsletter No. 3, June 1981, for details). Thus, perfect 
agreement cannot be expected between these two estimates of the 
sky background. 
Two other estimates of the sky background are available. 
These are discussed below in the next two sections. 
E. Systematic Errors in mJ 




- Isky) ] (4 -5a) 
j 
can be converted to a "true" magnitude through 
mI = (mraw /100.0) 
+2.5 log Isky +2.5 log {[(1000) /PS ] 2 } (4 -5b) 
where Isky is the background intensity interpolated to the centre 
of the image, P is the plate scale (= 67.14 arc sec mm-1) and S is 
the COSMOS step size (increment) in microns (= 8 pm here). The 
observed m magnitude is then just 
m = mI + ms (4 -6) 
It is necessary to examine mJ for systematic errors. This 
was done by comparing it with the mJP photoelectric magnitudes for 
the standard galaxies. The aperture- magnitude curves for these 
objects (Fig. 4 -4a) were entered at the COSMOS aperture Au to find 
the corresponding mJP. The residuals imJ = mJ - mJP were then 
examined for systematic errors due to e.g. galaxy type, surface 
brightness, axis ratio, etc. 
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Only surface brightness proved to be systematically cor- 
related with Ami. This is shown in Figures 4 -5a and b where 




+ 5 log Au - 5.26 
JP 
are the surface brightnesses from COSMOS and photoelectric photome- 
try, respectively. Note that Du and Au are expressed in tenths of 
arc minutes, as in RC1 and RC2. The solid line in Figure 4 -5a 
represents 
AmJ = mJ - 
mJP 
= 0.12 - 0.58(mJ - 14.2), a = ±0.062 
±0.02 ±0.07 . (4 -8) 
The slope of this relationship has been confirmed by data from 
photometry of galaxies in the Hercules Cluster (MacCillivray and 
Corwin, unpublished) where much more photoelectric photometry 
exists (Buta and Corwin, in preparation) than for the plates used 
here. The zero point is entirely dependent on the value of the sky 
background. A change of sky brightness of -0.1 mag would cause the 
relationship to change as shown by the dashed lines in Figure 4 -5. 
Therefore, this relationship is capable of providing yet another 
estimate of the sky background brightness. The values so derived 
are given in Table 4 -3, and were used to minimize the scatter in 
equation 4 -8 above. 
Note that the relationship is much steeper for the COSMOS 
data than for the photoelectric data. This comes about through the 
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14.0 14.5 
Figure 4 -5. &n = m - mJP as a function of surface brightness as 
measured by COSIOS (top) and photoelectrically (bottom). The solid 
lines are the adopted impartial solutions and the dashed line shows 
the effect of changing the sky background level by +0.1 magnitude. 
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smaller range of the surface brightness measured by COSMOS and 
probably reflects the restricted density range of the machine. 
Since the observed galaxies are all relatively bright 
(12.7 < mJP < 17.0), it is not known whether the surface brightness 
correction implied by equation 4 -8 can be extended to fainter 
magnitudes. If the effect is due to "saturation" in the COSMOS 
data, it is expected that no correction will be necessary for 
fainter galaxies which are not overexposed. (Very low surface 
brightness objects may require correction of the opposite sign as 
light in the COSMOS aureole will contribute to the signal more for 
these objects than for "normal" high surface brightness galaxies. 
The problem is clearly complex, however, and modelling the COSMOS 
machine's behavior is beyond the scope of this thesis.) 
F. Absolute Calibration via a Step Scale 
With the photometric calibration method outlined above 
stopping at mJ = 17.0, some other method was needed for the range 
17.0 m 21.0 (the reasons for not extending the present study 
to fainter magnitudes is given below in Section VI -C). Since there 
is no photometry in this range in any of these fields, an indirect 
method had to be used. 
As mentioned in Chapter 2, Prof. Abell and the writer are 
currently engaged in extending the rich galaxy cluster survey 
(Abell 1958) to the south celestial pole using the IIIa -J plates. 
As in the 1958 work, magnitudes are being estimated with step 
scales of galaxy images. The step scale being used by the writer 
is composed entirely of elliptical galaxy images. A calibration 
curve for this step scale was built up by estimating step readings 
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(to one -tenth of a step) for galaxies in the central thirty -six 
square degrees of the Virgo Cluster as seen on UK Schmidt plate 
J2137. Many galaxies to mJ % 14.0 in this field have well - 
determined total magnitudes listed by de Vaucouleurs and Head 
(1978). These are in the system of RC2, but with the additicn of 
data from other sources and with a small systematic error depending 
on inclination removed (see de Vaucouleurs and Corwin 1977 and 
de Vaucouleurs et al 1977). 
In the poorly observed range 14.0 < mJ < 17.0, a large por- 
tion of the photoelectric calibrating data come from Appendix B. 
The data for the 19 Indus area galaxies plus one galaxy in A2670 
act as secondary standards in this range. 
The calibration at fainter levels rests on photoelectric 
observations of three galaxies in the galaxy cluster A1553 by 
Sandage (1972), and on photoelectrically calibrated photographic 
photometry of galaxies, stars, and globular clusters around M87 by 
Hanes (1975, 1977). Hanes' work verifies earlier photographic 
photometry of objects around M87 by Racine (1968) and Ables et al 
(1974). 
The mean errors in the calibrating data at all magnitude 
levels are better than oB _ ±0.15. However, systematic errors 
in estimating step -scale readings depend on surface brightness. 
Low surface brightness objects are generally estimated too faint 
because "integration" by eye of the light in the object's image is 
difficult (this is the primary reason for surface brightness depen- 
dent errors in the survey photometry of Shapley and Ames 1932 and 
in the CGCG. See Holmberg 1958, de Vaucouleurs 1957, de Vaucou- 









Figure 4 -6. Step scale calibration curve. Dots are photoelectri- 
cally (step < 12) or photographically (step > 12) observed galaxies 
in the Virgo Cluster area (prime calibrators), plus signs are 
photoelectrically observed galaxies in the Indus area (secondary 
calibrators), the cross is a photoelectrically observed galaxy in 
A2670 (see Appendix B), the open squares are photographically 
observed globular clusters around M87, and the open circles are 
photographically observed stars near M87. The adopted calibration 
curve is shown by the solid lines; the dashed line is a possible 
alternative calibration for stars. 
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compact high surface brightness objects have their magnitudes 
underestimated because their light is concentrated in overexposed 
stellar "dots"- the eye has only the diameter of these objects to 
use as a clue to luminosity. 
In both cases-high and low surface brightness-the 
luminosity profile of the unknown object generally does not match 
that of the elliptical galaxies on the step scale. At faint 
levels, the effects cannot yet be quantified with any certainty 
because of a lack of precise photometry for comparison. However, 
preliminary indications of order -of- magnitude reliability come from 
the studies of Pickup (1979) and Hawkins (1981). These seem to 
indicate that systematic erros are indeed present, but that they do 
not exceed ±0.5 magnitudes. Another indication of systematic error 
is given in Section VIII -C below. The reliability of the step 
scale will be discussed further when the southern cluster catalogue 
is published. For the moment, it is taken as being able to provide 
total magnitudes of about ±0.5 mag accuracy. 
In order to calibrate the COSMOS data, then, step -scale 
estimates were made for at least one hundred (usually two hundred 
or more) elliptical galaxies in two or more fields on each plate. 
The step -scale magnitude mJSS was read from the calibration curve 
(Figure 4 -6) and simply plotted against m1 (eq. 4 -5b). The cali- 
bration plot for plate J3658C is shown as Figure 4 -7. This plate 
is atypical in that it has fewer calibrating galaxies in the range 
14.0 
mJSS < 
18.0 and more galaxies at mJS5 
> 
18.0 than average, 
but it demonstrates the characteristics of the other calibration 
plots. The entirety of the data from all six plates finally used 




Figure 4 -7. Step scale magnitude versus COSMOS magnitude for plate 
J3658C. Photoelectrically observed "standard" galaxies are shown 








Figure 4 -8. Same as Figure 4 -7, but plates J1592C, J1759C, J1765C, 
J1873C, and J4584C added. 
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the solid line of slope 1.0. It was fitted to the data so that the 
intermediately bright photoelectric standard galaxies gave minimum 
residuals. 
At the bright end, the COSMOS data are too faint-this is 
the effect of the restricted density range of COSMOS. A consider- 
able portion of the bright galaxies' images are "overexposed" to 
COSMOS, so some light is lost. A portion of this effect may also 
be due to the copying procedure which also acts to restrict the 
density range on the copy plate. At intermediately bright magni- 
tudes 13 < m < 15, the COSMOS measures and step -scale estimates 
agree well with a small scatter (am < ±0.2 mag). In the range 
15 < m < 17.7, the step -scale estimates are systematically bright. 
The surface brightness effect noted above in Section V -E averages 
only 0.1 mag, so cannot be a major contributor to systematic faint- 
ness of the COSMOS data in this magnitude range where the mean 
difference is about +0.35 mag. From mJ = 17.7 to the limit of the 
data, the step -scale estimates are systematically faint. The mean 
difference is about 0.4 mag for the faint objects. 
Since there is yet no reason to suspect the COSMOS mea- 
sures, in spite of the systematic errors that could be introduced 
through the machine design and operation outlined above (Sections 
III and IV), the systematic errors here will be attributed to the 
step scale. Some indirect support for this conclusion comes from 
noting that very few magnitude estimates are made with the galaxy 
image at step 10 on the step scale. This image is more compact and 
more obviously elongated than the other step -scale images. The 
only direct evidence however of a systematic error in the step - 
scale estimates comes from Hawkins (1981). (Pickup 1979 used 
119 
another step scale in her study, so her results, though also indi- 
cating a systematic error, cannot be applied to the present prob- 
lem.) Hawkins' work suggests the step -scale estimates to be too 
bright by 0.21 mag at the faint end (18 < mJ < 22). In the face 
of this contradiction, it can only be concluded that a) esti- 
mating magnitudes for faint (mj > 18) galaxies by means other than 
photoelectric photometry or photoelectrically calibrated photometry 
is still subject to systematic errors of up to ±0.5 mag; and 
b) that while the faint COSMOS magnitudes may contain such system- 
atic errors, there is as yet no way of detecting them with the data 
available here. 
Therefore, it will be assumed in the remainder of this 
thesis that the COSMOS magnitudes are correct (exclusive of zero - 
point) with errors on the order of am = ±0.15 to ±0.2 mag (Dodd et 
al 1979, MacGillivray 1981 private communication). Furthermore, 
the calibration as indicated by Figure 4 -8 shall be adopted until 
evidence indicates otherwise. The implied values of the sky back- 
ground are listed in Table 4 -3. They are generally brighter than 
the other estimates probably because the step -scale magnitudes are 
calibrated against total magnitudes, while the COSMOS data are 
isophotal. 
VI. COSMOS Data Processing 
A. Introduction: Special Acknowledgement 
The computer software used in the data processing described 
in this section was primarily written by Dr. H. T. MacGillivray. 
I am very grateful to him for permission to use his programs, and 
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I am also grateful for his help with the programs which he freely 
gave. A few generally available COSMOS user's routines were also 
used here, and I am indebted to the various members of the COSMOS 
group for their help with these programs. 
B. Preprocessing: Removal of Bright Stars, Satellite 
and Meteor Trails 
In areas around bright stars where the density of the sky 
background changes rapidly, the background following algorithm 
cannot cope adequately with the steep density gradients. The 
result is the detection of a halo of images around the star. 
Ghost images of bright stars are also often detected. These 
effects are shown in Figures 4 -9 a, b and c which also show satel- 
lite trails detected as lines of highly elliptical images. 
Most of these false images are of moderate to low surface 
brightness. This means that they will be detected as galaxies in 
the star -galaxy separation procedure used (see Section VI -C 
below). It thus becomes necessary to remove them. To do this, a 
duplicate tape is made with the spurious image parameters not 
copied to the new tape. Figure 4 -10 shows a dot -plot (all images 
regardless of magnitude or size plotted simply as dots) with most 
spurious images removed. The process was repeated until all de- 
tectable defects were removed from the data. 
C. Star- Galaxy Separation 
Several different schemes were tried for the necessary 
procedure of separating stars from galaxies. (Since it was esti- 
mated that the seven plates scanned by COSMOS contained about 
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Figure 4 -9a. False images detected by COSMOS around a bright star 
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Figure 4 -9b. Ghost image of a bright star detected by COSMOS on 
plate J1873C. A satellite trail and three rings of false images 
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Figure 4 -9c. Largest images detected by COSMOS on plate J1873C. 
False images seen in Figures 4 -9a,b are present as well as a 
diffraction ghost (at x = 230, y = 110 - 135) and a plate defect 









Figure 4 -10. All images detected by COSMOS on plate J1873C after 
removal of most false images. A few faint satellite trails and other 
linear defects can still be seen. 
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150,000 galaxy images to mj ' 21, it would have obviously been 
impossible to attempt a manual separation of the data.) 
Of the several semi -automatic methods tried, a simple plot 
of the COSMOS magnitude (equation 4 -5b) against the logarithm of 
the area enclosed by the limiting isophote gave the best separa- 
tion over the widest range of magnitude. Figure 4 -11 is one of 
the test plots done on a copy plate (J1759C). Since a fairly good 
separation is apparent here from mj ti 15 to 21, computer plots of 
the same variables were made and separation lines drawn on them. 
Examples are shown as Figures 4 -12a and b. 
The concept behind these plots is simple. Since stars all 
have similar surface brightnesses, they will occupy a very narrow 
strip of the log A- magnitude plot. Galaxies of the same magnitude 
as a given star will usually have much larger areas, so will be 
scattered to the low surface brightness side of the stellar 
sequence. At the bright end, this technique breaks down because 
the star images develop haloes and spikes which lower their surface 
brightnesses into the part of the diagram occupied by normal galaxy 
images. This occurs about eight or nine magnitudes above the plate 
limit. At the faint end, stars and galaxies become indistinguish- 
able by any criteria on the Schmidt plates. The smallest images 
on the plates used here are about 30 to 50 pm in diameter, only a 
few pixels across. As star images become unsaturated, they appear 
progressively similar to faint galaxy images. At the same time, 
the galaxy images shrink toward the size of the seeing disks on the 
plate, becoming more and more stellar in appearance. Both visually 
and in the machine separation, stars and galaxies become indistin- 

















Figure 4 -11. Star -galaxy separation plot, log A versus m . Stars, 
multiple stars, and star -dominated images are shown as dots. Gal- 
axies, multiple galaxies, and galaxy -dominated images are shown as 
open circles. Defects are shown as open squares. 
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Figure 4 -12 (following page). Example of star -galaxy separation 
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fully -exposed plates) (P. C. Hewett 1981, private communication). 
The accuracy of the procedure is limited in principle be- 
cause a) some galaxies axe "compact" - they have similar surface 
brightnesses to stars; b) double or multiple stars combined into 
a single image may have a range of surface brightnesses depending 
on their separation; c) star and galaxy images blended into a 
single image can also have a range of surface brightnesses depend- 
ing on which component dominates the COSMOS image; and d) occa- 
sional plate defects can also have a range of "surface bright - 
nesses." 
In small test areas, the success of this technique in 
practice approached an acceptable lavel: up to 90% of all single 
galaxies and single stars could be correctly classified. However, 
as more and more of the plate was examined, the success rate 
dropped until it was no better than 50 -60% in some areas on some 
plates. 
The problem reached extreme levels on plate J2391C. The 
stellar sequence shifted by more than its own width in different 
areas across the plate making it impossible to assign a separation 
criterion. Since the plate itself had no obvious flaws (see the 
next section), the data from it had to be abandoned. 
VII. Possible Sources of Systematic Errors in the Star -Galaxy 
Separation 
Another peculiarity from the star -galaxy separation was 
the appearance of a cloud of "galaxies" on J1759C, field 145, where 
none had been seen in the eye counts (Figure 2 -7). This feature 
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shows well in the dot -plot (Figure 4 -13) as the strong enhancement 
roughly two degrees across centred at 21h32m, - 60 °50'. A dot plot 
of the "stars" to the same magnitude limit (Figure 4 -14), while 
much more uniform, shows.a deficiency in the same area. This 
excess of "galaxies" and deficiency of "stars" was confirmed by 
contour plots (Figures 4 -15, 4 -16) to several different magnitude 
levels. A contour plot made from an early scan of the same field 
on plate J1578 showed no trace of the "galaxy cloud" (Figure 4 -17). 
A contour plot of the background intensity values (Isky) 
is shown in Figure 4 -18. There is no obvious correlation between 
this and Figures 4 -15 and 16. Finally, the writer asked Ms. S. B. 
Tritton of the UK Schmidt Unit (she is in charge of quality control 
of the later issues of the SERC half of the Southern Sky Survey) 
to examine the copy of J1759 scanned by COSMOS. Her examination 
showed that the size of the smallest images varied across the plate 
as shown in Figure 4 -19. The area of the "galaxy cloud" is seen to 
be in poor focus relative to the remainder of the plate. This has 
led to the hypothesis that the 3 mm thick copy plate was not in 
perfect contact with the positive copy of the original when it (the 
negative copy) was made. 
Other plates show similar though not (with one exception) 
such drastic imperfections. The single exception is plate J3658C 
where the imperfection is coincident with variations in Isky 
(Figures 4 -20a, b, c). 
The cause of the star -galaxy separation problem with J2391C 
may be due to background variations. There are no extreme focus 
variations across this plate, but the range of Isky is somewhat 
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Figure 4 -13 (following page). Dot -plot of "galaxies" to mJ = 19 
detected by COSMOS on plate J1759C (field 145). Compare with 
Figures 2 -7, 4 -14, 4 -15, and 4 -17. 
Figure 4 -14 (following page). Dot -plot of "stars" to mJ = 19 
detected by COSMOS on plate J1759C. 
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Figure 4 -15 (following page). Contour plot of "galaxies" to m = 21 
detected by COSMOS on plate J1759C. Compare with Figures 2- 7,J4 -14, 
4 -16, and 4 -17. Coordinates as in Figure 4 -13. (5 mm by 5 mm smoo- 
thing, lowest contour level one object per 5 mm square cell; contour 
interval three objects per cell). 
Figure 4 -16 (following page). Same as Figure 4 -15, but "stars ". 
Note apparent correlation of star and galaxy contours, especially 
south of -60 °. 
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Figure 4 -17. Contour plot of "galaxies" tom ti 21 detected by 
COSMOS on plate J1578 (field 145). (From mapping mode scans by 
Dr. H. T. MacGillivray.) 
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Figure 4 -18. Contour plot of sky background intensities as measured 
by COSMOS on plate J1759C. Contours are through log I values in 
1 mm by 5 mm cells. Isky(min) = 152, Isky(max) = 208.sky 
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Figure 4 -19. Sizes of smallest images in microns on plate J1759C 
measured by S. B. Tritton. Dashed lines show the area scanned by 
COSMOS. 
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Figure 4 -20a. All "galaxies" detected by COSMOS on plate J3658C. 
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Figure 4 -20b. All "stars" detected by COSMOS on plate J3658C. 
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Figure 4 -20c. Contour plot of sky background intensities as measured 
by COSMOS on plate J3658C. Contours are through log Isk values in 
1 mm by 1 mm cells. I (min) = 288; Isk (max) = 934 'Ur image of 
a Gruis at top of fiela.y y 
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larger than typical. However, time did not allow a detailed exami- 
nation of the problem with this plate, so the question had to be 
dropped. 
Another possible source of systematic error can be seen in 
the Isky plots in Figures 4 -18 and 4 -20. Plate J1759C was scanned 
with a background sampling area of 5 mm x 1 mm, while J3658C was 
scanned with a 1 mm square sampling area (see Section III above). 
While the 1 mm square sampling area produces a neater background 
plot, the Isky values in the areas of bright star images are sys- 
tematically higher. Plots of Isky vs mJ have shown that the 
magnitudes of images within these areas of enhanced intensity are 
systematically brighter. The effect, however, reaches only 
0.04 -0.05 mag in extreme cases, and these areas are always removed 
from the plate in any event. 
Whatever the sources of the systematic errors, the star - 
galaxy separation seems very sensitive to them. Because of this, 
the separation was judged by the writer to be inadequate to allow 
use of the data for studies of the galaxy distribution in the 
Indus Supercluster Area. 
VIII. Luminosity Functions 
A. Introduction 
Abell (1975, 1977 and references therein) has argued that 
the integrated luminosity function log EN (im) versus m of rich 
clusters of galaxies is similar for all clusters. Specifically, 
he points out (e.g. Abell 1975, Bautz and Abell 1973) that such 
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luminosity functions have a "break" at an invariant absolute mag- 
nitude which he calls M *. This M* may thus be used as a distance 
indicator (e.g. Mottmann and Abell 1977). 
Similarly, Abell (1978) has argued from data by Rainey 
(1977) that the "field" integrated luminosity function is invariant 
in shape and value no matter where in the sky it is measured. 
In general, the available data for clusters (e.g. Krupp 
1974, Oemler 1974, Dressler 1978, Godwin and Peach 1977 and refer- 
ences therein) and for the "field" (e.g. Brown 1978, Karachentsev 
1980 and references therein) support these contentions though with 
some exceptions for the clusters (Dressler 1978). 
Since the integrated isophotal photometry from COSMOS does 
not seem to have been much affected by the star -galaxy separation 
problems (Section V above), at attempt was made to derive luminosi- 
ty functions for various small fields in and out Indus 
Supercluster and for rich clusters in it. The fields so selected 
had to be outside of the areas known to be strongly affected by 
the star -galaxy separation problems, however. 
This was done a) to provide a further check on Abell's 
ideas as outlined above and b) to provide redshift- independent 
distance estimates for the clusters in the Indus area. 
B. Cluster Luminosity Functions 
The luminosity functions for nineteen rich clusters present 
on the plates scanned by COSMOS are shown in Figure 4 -21. These 
have had background corrections made by subtracting the "field" 



















































Figure 4 -21. Integrated luminosity functions for 19 rich clusters 
scanned by COSMOS, and (for comparison) for the Coma Cluster as 
measured by Abell (1977) and by Godwin and Peach (1977). Abscissae 
are COSMOS magnitudes m On for the Coma Cluster), ordinates are 
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the observed cluster plus "field" counts. An exception is plate 
J3658C (field 237) which had the mean "field" from the other five 
plates subtracted from the two clusters present on it. 
It can be seen that while there are differences between the 
cluster luminosity functions, they tend to follow the general pat- 
tern noted by Abell, but usually with different slopes for the 
bright and faint ends than those found by him. For comparison, 
Abell's (1977) and Godwin and Peach's (1977) luminosity functions 
for the Coma Cluster are also shown. 
Differential distance moduli Am* were estimated by noting 
the apparent magnitude of m* for each cluster, then comparing it 
with m* for the Coma Cluster. (Notice that Abell and Godwin and 
Peach find different m *'s for Coma; Am *'s were derived from each 
and a simple mean adopted.) The Am *'s are compared in Table 4 -4 
with Gm(z)'s from the differences in redshifts between Coma and the 
Indus clusters. The data are plotted in Figure 4 -22 after correc- 
tion for the galactic absorption differences given in Table 4 -4. 
Once the uncertain points for four clusters are removed, the plot 
is seen to be no more than a scatter diagram, though the mean dif- 
ference is -Om02 ±0.23 (m.e.) with a standard deviation of ±0.89 
mag. Note that the COSMOS mJ magnitudes are compared with 
mB (= mV + 0.9) magnitudes 
from Abell and Godwin and Peach. 
Once again, the most likely cause of the problem is inade- 




Differential Distance Moduli of Indus Clusters 





























2150.6-5805 0.15 2.58 2.2 +0.53 
2152.3-5549 0.15 1.05 2.4 -1.20 
2154.9-6040 0.15 2.53 2.4 +0.28 
2156.5-5624 0.15 2.56 0.8? +1.9 
to " Or 2.6? +0.1 
2158.2-6011 0.15 3.17 2.5 +0.82 
2201.1-5822 0.15 1.21 2.5 -1.14 
2201.2-5019 0.13 0.99 2.4 -1.28 
2212.7-5148 0.12 2.34 1.0? +1.5 
tr It ft 3.9? -1.4 
2213.5 -5250 0.12 1.80 3.3 -1.38 
2218.2 -5523 0.12 1.16 1.8 -0.52 
2221.0 -5644 0.11 0.93 1.8 -0.76 
tr to 2.91 " +1.22 
2222.4-5605 0.11 2.66 1.4 +1.37 
2228.5-5500 0.12 2.56 1.7 +0.98 
2231.8-5243 0.09 +1.89 +2.0 -0.02 
Coma Cluster distance taken as 70 Mpc, absorption 




















o 1 4 
Figure 4 -22. Am* versus Am(z) for clusters listed in Table 4 -4. 
Uncertain data are shown as open circles. Six Indus Supercluster 
clusters are enclosed in squares, and the Indus Supercluster data 
are shown by the solid square. The dashed line is the expected 
relationship. 
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C. "Field" Luminosity Functions 
Three different "field" luminosity functions were calcu- 
lated: 1) for each plate, 2) for areas within the annulus 
defining the Indus Supercluster (Figure 4 -1), and 3) for areas 
outside this annulus. In what follows, these are referred to as 
luminosity functions for 1) the "entire plate," 2) the "super- 
cluster," and 3) the "field," respectively. 
The luminosity functions are shown in Figures 4 -23, 24, and 
25 for each plate and for the mean of all plates. The means alone 
are shown in Figure 4 -26 where there is seen to be no significant 
difference between them except in the numbers of galaxies per 
square degree. The numbers increase progressively from the field 
areas through the entire plates to the supercluster areas. Abell's 
finding that the apparent luminosity function is similar in all 
directions is once again confirmed. The reason for this apparent 
similarity is that the integration over distance smears out any 
features that might be present, just as the angular covariance 
function to any given apparent magnitude limit has most spatial 
features smeared out. 
Since the mean luminosity function for the "entire plate" 
is probably the most representative here, referring as it does to 
over 140 square degrees of the sky, it is compared to other lumi- 
nosity functions in the literature in preference to either the 
supercluster or "field" luminosity functions. The comparison is 
shown in Figure 4 -27, where the mj magnitudes have been converted 
to mB through equation 4 -2b, adopting mean values of B -V from Pence 
















Figure 4 -23. Integrated luminosity functions for the "entire 
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Figure 4 -24. Integrated luminosity functions for the supercluster 
areas. Axes as in Figure 4 -21, symbols as in Figure 4 -23. 
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Figure 4 -25. Integrated luminosity functions for the "field" 
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Figure 4 -27. Integrated luminosity functions for galaxies from 
the sources shown. Data from the present work are the mean 
"entire plate" data from Figure 4 -26 and Table 4 -6. Axes are 
m and log EN (6m) . 
Pg 
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zero -point shift of +0.65 mag that has to be applied to bring the 
luminosity function into systematic agreement at the faint end with 
the published data. This is probably a result of the uncertain 
calibration of the COSMOS magnitude data from the step scale. Had 
the mean sky background value from the photoelectric photometry 
been adopted, the residual error would be +0.30 mag; for the night 
sky photometer, the error would be +0.29 mag; and for the values 
implied from equation 4 -8, +0.39 mag. Once again, there is reason 
to suspect the step -scale calibration. 
In order that comparisons be made with data on the standard 
B system, the calibration was shifted by the +0.65 mag indicated by 
Figure 4 -27. This calibration will be used for the remainder of 
the thesis. 
The agreement with the published data is very good from mB 
17.5 to mB _ 21. The deficiency of galaxies at brighter magni- 
tudes is probably the result of the inadequate star -galaxy separa- 
tion, though it is in qualitative (if not exact quantitative) 
agreement with similar deficiencies seen in the data presented by 
Brown (1978) and Oemler (1974). These data seem to indicate that 
the Local Supercluster is located in a volume of space some hun- 
dreds of megaparsecs across that is deficient in luminous matter as 
compared to more distant regions of the universe. The evidence 
from the present work is not as compelling as that from Brown and 
Oemler, however, because of the uncertain star -galaxy separation. 
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D. The Luminosity Function of the Indus Supercluster 
In order to look specifically at the luminosity function for 
the Indus Supercluster, the mean "field" was subtracted from the 
mean supercluster luminosity function. The result is shown in 
Figure 4 -26 with the other mean luminosity functions. Interesting- 
ly, the supercluster luminosity function closely resembles a lumi- 
nosity function for a rich cluster, though no rich clusters are 
included in it. If the change in slope at mj = 18.0 is taken as 
m *, then the Indus Supercluster is 2.3 magnitudes beyond Coma. 
This Am* is shown in Figure 4 -22 where it is seen to agree well 
with Am *'s for four of the six Supercluster clusters represented 
in the figure (the two discordant points are for clusters on 
plate J1765, suggesting large systematic errors for that plate, 
also). 
In order to derive other photometric parameters from this 
luminosity function, it was numerically integrated to give the 
surface brightness per square degree for the Supercluster. After 
adjusting the magnitude scale to B magnitudes (as indicated in 
Section VIII -C above, taking into account the 0.65 mag residual 
zero -point error found there), the Indus Supercluster's surface 
brightness was found to be 12.89 mag deg -2, and its mean surface 
density was found to be 361 galaxies deg -2 to the limiting magni- 
tude of B = 21.55. A correction for fainter uncounted galaxies 
is 
made in the next Chapter. 
The same numerical integration was performed 
for the clus- 
ter CL2228.5 -5500. This was taken to be typical 
of the rich clus- 
ters in the Supercluster, roughly average in 
richness. Its 
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luminosity function was also reduced to numbers per square degree 
and its surface brightness and density are 10.18 mag deg -2 and 
824 galaxies deg -2. 
Finally, the total projected area of the Indus Supercluster 
was taken to be 62.7 deg2, the area within the annulus shown in 
Figures 2 -9 and 4 -l. The nine rich clusters have their luminosity 
functions determined within a total area of 4.1 deg2, which was 
subtracted from the area of the Supercluster to give a Supercluster 
"field" of 58.6 deg2. After summing the "field" and "cluster" 
parameters so defined, and allowing for an average galactic absorp- 
tion of AB = 0.4 mag, the total corrected magnitude of the Indus 
Supercluster is B,(ISC) = 7.9. With a distance modulus of 
Po 
36.8, this corresponds to an absolute magnitude of NB(ISC) = -28.9, 
or 5.7 x 1013 L. Other Supercluster parameters are given in 
Table 4 -5. 
The parameters for an "average" galaxy also given in 
Table 4 -5 are calculated simply by dividing the total luminosity 
of the Supercluster by the total number of galaxies counted to the 
limiting magnitude B = 21.55. The numbers are thus sample depen- 
dent, but it is interesting to note that the absolute magnitudes 
agree with previous estimates (by e.g. Brown 1979 and 
references therein) and that the apparent magnitudes are close to 
the m *'s in Table 4 -4 for the respective objects. It is thus un- 
likely that the addition of fainter galaxies missed here will 
change much the photometric parameters listed in Table 4 -5. 
The luminosity functions of the mean Supercluster field, the 
mean "entire plate," and the cluster CL2228.5 -5500 are listed in 
160 
Table 4 -6. The other luminosity functions mentioned in this 
section are available on request from the writer. 
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TABLE 4 -5 







Area(deg2) 58.6 4.1 62.7 
I N(deg -2) 361 824 391 
ZN 21130 3410 24540 
vLB(deg -2) 12.89 10.18 12.76 











36.8 36.8 36.8 
MB -28.7 -27.0 -28.9 
æ0(x10 -13) 4.7 1.0 5.7 
"Average" Galaxy 
B° 18.91 18.63 18.87 
MB -17.89 -18.17 -17.93 
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TABLE 4 -6 


















Entire ISC Cluster 
Plate "Field" 2228.5 -5500 
-2.138 -- -- 
-1.369 - - -- 
-1.193 -- -- 
-1.106 -- -- 
-1.001 -- -- 
-1.001 -- -- 
-0.971 -- -- 
15.51 -- -0.732 -0.770 -- 
15.71 -- -0.504 -0.174 -- 
15.91 -0.699 -0.238 -0.174 -- 
16.11 -0.398 -0.053 +0.114 -- 
16.31 +0.079 +0.101 0.114 -- 
16.51 0.079 0.236 0.393 +0.661 
16.71 0.342 0.379 0.473 0.769 
16.91 0.477 0.542 0.602 1.019 
17.11 0.643 0.721 0.748 1.177 
17.32 0.732 0.898 0.967 1.213 
17.52 0.944 1.092 1.081 1.642 
17.73 1.127 1.282 1.211 1.725 
17.94 1.301 1.449 1.309 1.896 
18.14 1.474 1.595 1.411 2.061 
18.34 1.625 1.727 1.526 2.161 
18.54 1.747 1.846 1.598 2.197 
18.74 1.840 1.967 1.744 2.260 
18.95 1.971 2.086 1.815 2.321 
19.15 2.079 2.189 1.889 2.373 
19.36 2.170 2.280 1.959 2.456 
19.57 2.259 2.361 2.044 2.508 
19.78 2.332 2.436 2.091 2.571 
19.99 2.414 2.508 2.124 2.626 
20.19 2.484 2.579 2.179 2.680 
20.40 2.551 2.647 2.250 2.738 
20.60 2.609 2.714 2.305 2.801 
20.81 2.675 2.777 2.351 2.820 
21.02 2.731 2.840 2.415 2.836 
21.22 2.794 2.899 2.447 2.861 
21.43 2.843 2.954 2.498 2.889 
21.64 2.890 3.003 2.546 2.916 
21.84 2.904 3.019 2.557 2.916 
Integral luminosity functions, log2(N> deg -2, summed in 
N 0.2 mag intervals. Mean field is for field areas on 
all plates except J3658C. Entire plate and ISC "Field" 
include data from all plates. Cluster is after subtrac- 
tion of mean field. 
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CHAPTER 5 
The Structure of the Indus Supercluster 
I. Introduction 
The probable existence of the Indus Supercluster has been 
demonstrated through galaxy counts, spectroscopy, and photometry 
leading to luminosity functions. It is still necessary to compare 
the observed properties of the Supercluster with others that have 
been previously studied. 
First, however, a brief review of the available data seems 
desirable, along with indications of the data still needed for a 
more complete study of the Supercluster. 
II. Data: Review and Desiderata 
A. Galaxy Counts and Redshifts 
Counts by eye to a limiting diameter of 12 to 15 arcseconds 
(roughly corresponding to B - 19) reveal a large annular structure 
about 8° x 10° across (Figure 2 -9). To some extent, this is the 
result of projection of galaxies in different discrete redshift 
ranges, but nine rich clusters with redshifts between V _ 22,000 and 
V _ 24,000 are confined to this annulus. Evidence from the galaxy 
counts suggests that the clusters are connected by bridges of 
galaxies, but no redshifts are available for any galaxies outside 
of the clusters. 
Data obviously needed here are galaxy counts, preferably by 
machine, to several different magnitude levels. Knowing the sort 
of galaxy most likely to be counted in such a survey, and its mean 
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absolute magnitude (Chapter 4, above), it should then be possible 
to assign a most probable distance to the galaxies seen in the 
annulus. 
This most probable distance could then be confirmed by red - 
shifts of some dozens or hundreds of galaxies both in and out of 
clusters. (The redshifts are also necessary for a study of the 
dynamics of the Supercluster, a study presently impossible with a 
mere fourteen redshifts available in the nine clusters.) The 
existence of bridges of galaxies to clusters in other velocity 
ranges might also be revealed by such a redshift survey. Though 
the Indus Supercluster appears on present evidence to be relatively 
isolated from its nearest neighbours in space, the writer's present 
feeling is that there are few if any truly isolated large -scale 
structures in the universe. The filamentary connections between 
and involving clusters seem to be the rule rather than the excep- 
tion in the currently available observations (e.g. Einasto et al 
1980a, Davis et al 1981). 
B. Photometry 
The photometry of thousands of relatively bright galaxies 
obviously demands measurements made on large -field photographic 
survey plates (though the application in the future of very large 
digital array detectors combined with high -speed multi- megabyte 
computer systems seems possible). These plates will have to be of 
the highest quality with very low background fluctuations, must have 
accurate relative and absolute calibration, and must be scanned with 
a machine having a properly shielded spot to reduce scattered light . 
and increase dynamic range. The plates must also be original 
165 
plates - the copies used here are not acceptable material for 
accurate photometric work, though they might be suitable for dis- 
tribution studies provided the star - galaxy separation problem could 
be solved. 
C. Non -optical Data 
Unfortunately, little is known in the Indus Supercluster 
area outside of the optical portion of the spectrum. A few of the 
bright galaxies in the superposed Pavo -Indus Cloud are known radio 
sources (Haynes et al 1975), but only five fainter galaxies are 
coincident with radio sources in the initial survey area (Ekers 
1970, Savage 1976, Savage et al 1976). Only one of these 
(PKS2131 -537 = A2131 -53A) has been observed spectroscopically 
(Whiteoak 1972 and Appendix A). Though it is a confirmed Super - 
cluster member, it is in no way unusual from other radio sources 
in its optical or radio characteristics. (This "negative" observa- 
tion merely offers another small bit of evidence that supercluster 
galaxies are the typical galaxies in the universe.) 
The situation in the X -ray spectrum is even less satis- 
factory. Of the three X -ray sources in the initial survey area 
(see Markert et al 1976 and references therein) only one, 
2A2155 -609, has an error box small enough to allow tentative 
optical identification. Two rich clusters, CL2154.9 -6040 (a 
confirmed Indus Supercluster member) and CL2158.2 -6011 (some 70 Mpc 
beyond the Supercluster) fall within the error box. Either (or 
neither) could be the X -ray source-higher resolution data are 
required. 
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Other suggested indentifications are much less likely. 
Markert et al (1976) suggest NGC 7125 or NGC 7126 as possible iden- 
tifications for MX2140 -60, though neither.is a Seyfert galaxy, the 
most likely kind of individual galaxy to be an X -ray source. 
Lugger (1978) identifies this source with a "rich" cluster (R = 2 
on Abell's scale) at 2146.4 -5922. However, examination of the 
area on plates and film copies of Field 145 shows only a poor group 
of about ten galaxies in Lugger's place. 
Finally, 4U2126 -60 has too large an error box (24 square 
degrees) to be identified with anything. However, it does enclose 
both 2A2155 -609 and MX2140 -60, so is probably identical with one 
or the other (or both). 
The lack of non -optical information about the Indus Super - 
cluster, while frustrating, is hardly surprising. From a non - 
optical survey point of view, the '400 square degree initial 
survey area is simply another randomly chosen one percent of the 
sky. Hopefully, the present study will direct some attention to 
this area. 
It should be mentioned here that Schuch (1979, 1981) has 
found the portion of the Ursa Major Supercluster that he surveyed 
to be completely normal in its radio characteristics when compared 
with another part of the sky lacking a nearby supercluster. Simi- 
larly, while there have been suggestions of diffuse X -ray sources 
coincident (presumably) associated with superclusters (see e.g. 
Murray et al 1978, Maccagni et al 1978, Ulmer et al 1978), more 
detailed work has shown that these sources are either spurious 
(Culhane 1978) or that the X -ray flux can be adequately explained 
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as originating entirely in the rich clusters of the superclusters 
in question (Kellogg 1978, Pravdo et al 1979, Ulmer and Cruddace 
1981). 
III. Comparison With Other Supercluster Observations 
A. Total Luminosity and Mass 
As has already been mentioned, it is unfortunate that so 
few redshifts are available for the Indus Supercluster; this pre- 
cludes any direct attempt to derive a mass for the system and from 
that an estimate of its mean density. This remains a task for the 
next investigation of the Indus Supercluster. 
However, the estimate of its total luminosity can be com- 
pared with those given recently for the Perseus Supercluster 
(Einasto et ál 1980a) and the Hercules Supercluster (Tarenghi et al 
1979b). For the entire Perseus Supercluster ring, Einasto et al 
find L = 5.6 x 1013 L , while Tarenghi et al give L = 3.8 x 1013 
Lo 
for the part of the Hercules Supercluster that they studied. 
Reference to the Lick Survey and to the other estimates of the 
extent of the Hercules Supercluster (Abell 1961, Thuan 1980) sug- 
gests that this figure should be at least doubled. The luminosity 
adopted here for the Hercules Supercluster is L ti 8x1013Lo with 
an uncertainty of at least a factor of two. 
Both of these estimates agree with the total luminosity of 
the Indus Supercluster determined in the previous chapter, L = 
5.7 x 1013 L . This is likely to be a lower limit as no correction 
0 
has been made for galaxies fainter than the limiting magnitude of 
the luminosity function. However, since most of the luminosity of 
168 
a system of galaxies is known to come from its brighter members 
(see e.g. Abell 1977), the estimate is not liable to change much. 
The circumstantial evidence of the similarity of the integrated 
luminosity function of the Supercluster to that of rich clusters 
suggests that less than '1,25% of the light has not been included 
(again, see Abell 1977), making the total luminosity "7x1013 L . 
In any case, the three superclusters have similar total 
luminosities. If they also have similar mass -to- luminosity ratios 
(}1/L '1,150; Einasto et al 1980a and Tarenghi et al 1979b) then the 
mass of the Indus Supercluster will be aboutISC = 1 x 1016`10' 
This is similar to mass estimates for other superclusters - masses 
of ti 1015 to ti1017 have been suggested by de Vaucouleurs (1960), 
Abell (1974), Schuch (1979), and Dawe et al (1979), as well as by 
Einasto et al (1980a) and Tarenghi et al (1979b). The mean of these 
estimates is 8.4( ±4.7) x 1015 . The Indus Supercluster is thus 
o 
not unusual when compared to other superclusters, at least regard- 
ing its total luminosity and mass. 
B. Structural Properties 
As has been stressed throughout this thesis, the structure 
of superclusters has been shown to be annular in projection, with 
filaments of galaxies joining rich clusters in space, and with 
neighbouring superclusters sharing adjoining clusters and filaments. 
Einasto et al (1980a,b) have also suggested that supercluster 
boundaries are marked in some cases by sheets of galaxies. Though 
no evidence is yet available in the Indus area for sheets, some 
supporting evidence comes from redshifts of galaxies in the 
Virgo Cluster area. The cluster itself is seen in projection 
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against the "hole" in the middle of the Coma Supercluster. Several 
galaxies in the "hole" have redshifts somewhat larger than the Coma 
Cluster itself (Eastmond and Abell 1979, Corwin and Emerson 1981, 
Appendix A), yet show no strong clustering tendencies. This may be 
the far "wall" of the Coma Supercluster. 
If, then, superclusters are irregular cells, distributed 
in a roughly sponge -like manner throughout the universe, do they 
have a characteristic dimension? Data for four superclusters - 
Perseus, Coma, Hercules, and Indus-plotted in Figure 5 -1 (col- 
lected in Table 5 -1) suggest that there is such a characteristic 
size. However, Tago (Einasto 1980, private communication) shows 
that smaller rings of clusters exist in the Coma Supercluster, so 
this finding of similar sizes for superclusters must be treated with 
some caution. 
In summary, then, the Indus Supercluster is similar to 
other superclusters, insofar as supercluster properties are cur- 
rently known. An extensive redshift survey of the Indus Super - 
cluster region is needed to clearly delineate it, however, as well 
as to study its dynamics and virial properties. 
IV. Formation of Superclusters 
Though a complete discussion of the formation and evolution 
of macrostructure in the universe is clearly beyond the scope of 
this thesis, a short qualitative review of recent work in these 
areas seems an appropriate conclusion. 
Nearly all work on supercluster formation is presently done 
in the context of big bang cosmological models. Other cosmologies, 









Figure 5-1. Supercluster cell sizes D versus redshift. The 
dashed line represents a constant linear dimension of 43 Mpc. 
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Table 5 -1 -- Supercluster Cell Sizes 
Supercluster D d old <z) rz DMpc S 
Perseus 52° 25° 15° 0.016810.0020 4014 1 
Coma 38 31 2.5 .0225 .0016 42 3 2 
Hercules 26 20 2.5 .0370 .0070 49 5 3 
Indus 10 7 1 .0757 .0032 39 4 4 
D,d = major and minor diameters measured on charts 
in the source listed or in Seidner et al (1977), 
with the estimated measurement errors. <z >= mean 
supercluster redshift with its velocity dispersion. 
Dh1Dc 
= major diameter and estimated 
error from D , ó'D, and <z>. 
Sources (S): 1 = Einasto et al (1980a), 2 = 
Gregory and Thompson (1978), 3 = Tarenghi et al 
(1979a,ó), and 4 = this thesis. 
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references therein), the Hoyle -Narlikar variable -G, steady -state 
universe (Narlikar 1979 and references therein) and the Pecker 
tired -light cosmology (Pecker and Vigier 1976, and references 
therein), have not yet been studied extensively from the points 
of view of galaxy distribution or the formation of structure among 
galaxies. Until such studies are made, these cosmological models 
can only be interesting theoretical constructs, mostly divorced 
from observational work on large -scale structure. They should be 
given serious consideration, nevertheless, even if they are even- 
tually shown to be incorrect (Narlikar and Kembhavi (1980) give an 
extensive review of "non- standard" cosmologies). 
Within the more or less "standard" big bang models, work 
has concentrated on two slightly different approaches: 1) a gravi- 
tational instability model where large -scale structure develops 
after galaxies have formed from an essentially smooth initial dis- 
tribution of matter and energy and 2) a model invoking large pri- 
meval inhomogeneities so that development of macrostructure in the 
universe precedes galaxy formation (or is at least coeval with it). 
The first of these two general models has received much 
attention from Peebles (1980 and references therein) and others 
strongly influenced by the apparent homogeneity and isotropy of 
the cosmic microwave background. If this is taken as an observation 
of the universe at (or just after) the decoupling era at z ti 1300, 
it is difficult to see how large -scale adiabatic fluctuations in- 
volving both matter and radiation could exist. Fluctuations of 
the order of size of superclusters (ti 10169ijo) would be readily 
detectable in the background radiation-yet these are not seen 
(e.g. Weiss 1980). There are also theoretical reasons for supposing 
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that fluctuations of '1,101697/ 
e 
could either never develop or would 
be damped out before decoupling (see e.g. Press and Vishniac 1980 
as well as Peebles 1980). 
Therefore, proponents of the gravitational instability 
picture have attempted to show that simple gravitational interaction 
of galaxies since z ti30 (the galaxies in this picture would form 
from small isothermal fluctuations in the interval 1300 z 30) can 
account for the large scale structure as we see it. Some aspects 
of this model do match observation-clusters and superclusters 
form, and the slope of the covariance function (see Chapter 1, 
Section V -A) is correctly predicted. However, the filamentary 
sponge -like structure of the distribution of galaxies and clusters 
cannot be reproduced in this manner (e.g. Davis et al 1981). 
This would seem to leave the second alternative as the 
"correct" one. In this approach, the primeval fluctuations in the 
universe are generally considered to be adiabatic (see e.g. 
Doroshkevich et al 1978 and Zel'dovich 1978 and references therein) 
since isothermal fluctuations in matter alone would be quickly 
damped out prior to decoupling. This model suggests that the large 
scale filamentary cell structure that we observe is present before 
decoupling, perhaps in the form of shock fronts. After decoupling, 
galaxies and clusters form in these regions of enhanced density. 
The large -scale structure that we see is thus a reflection of pri- 
mordial inhomogeneities. 
The difficulty here, of course, is that adiabatic fluctua- 
tions would leave their mark on the background radiation as small - 
scale variations that, as mentioned, we do not see. Several 
ways 
out of this dilemma have been suggested [e.g. the fluctuations 
are 
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actually in the fields associated with Higgs particles (Zel'dovich 
1980), or are in gravitationally formed sheets of massive neutrinos 
(Szalay 1981), or arose after decoupling through perturbations in- 
duced by nearly simultaneous supernovae explosions of an initial 
population of ti5 solar mass stars (Saar 1979)], but none of these 
suggestions or others proposed yet have strong observational evi- 
dence in their favour. 
It is still apparent, however, that there is structure in 
the universe. Our inability to adequately account for its forma- 
tion and evolution can be traced in the end to our lack of obser- 
vational data. Cosmological theories cannot be tested in a total 
void-yet even now, many suggested observational tests in cos- 
mology depend on data that we do not yet have (or in some cases, 
that we can perhaps never obtain). 
Lack of data has rendered much of this thesis inconclusive, 
also. Yet a consistent picture can still be drawn of the structure 
of the Indus Supercluster. This picture is not in serious conflict 
with recent views of other superclusters, so perhaps we are finally 
converging on a satisfactory notion of how luminous matter is dis- 
tributed in our universe. If this is so, it can only be a matter 
of time before we also understand how the universe came to be as 
we see it. 
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ABSTRACT 
Spectra of 80 galaxies have been obtained with an image tube spectrograph 
on the 1.9 -metre telescope of the South African Astronomical Observatory at 
a reciprocal dispersion of 215 Á liuu 1. The spectra have been traced with 
a microdensitometer to identify features, and have been measured for 
redshift with a travelling microscope. Complete lists of absorption features 
and emission lines seen in the spectra have been compiled. The rest 
wavelengths of the absorption features have been revised and have been used 
to derive redshifts with external mean errors of the order of ±60 km sec 1. 
There is, however, marginal evidence of a scale error in our data. 
Sandage's finding of systematic differences between HI radio and optical 
redshifts is confirmed. The differences are not simple zero point or scale 
errors and zero point corrections are insufficient to bring the optical and 
radio data into systematic agreement. 
The redshifts include values for galaxies in eighteen rich clusters in 
the Indus Supercluster area, and our data also includes values tending to 
confirm suggestions of cell structure of the Coma Supercluster. 
1. INTRODUCTION 
The recent discovery on UK Schmidt IIIaJ southern sky survey plates of 
an apparent supercluster in the Indus region has prompted a preliminary 
investigation of galaxies and clusters of galaxies in the area. UBV 
photoelectric photometry for selected galaxies in Indus has already been 
reported (Corwin 1980) and a COSMOS machine study of apparent positions, 
magnitudes and diameters for 120,000 galaxies is nearly complete. This 
paper presents optical redshifts for about 30 Indus galaxies, most of 
which lie in rich clusters. Other galaxies outside the Indus area were 
also observed, and the final sample of 80 spectra is large enough to make 
possible a detailed comparison of our redshifts with those from other 
sources. 
The selection criteria by which our galaxies were chosen are given in 
Section 2, Section 3 describes the observations, and Section 4 the 
measurement of the spectra. The reduction of the spectra for redshifts is 
described in Section 5, while Section 6 is concerned with the errors in 
the redshifts. In Section 7 we discuss the general spectral characteristics 
of the galaxies in our sample. Section 8 remarks on galaxies of special 
interest, on group and cluster membership, and on galaxies with redshifts 
discordant with those quoted in other sources. Detailed discussion of 
the Indus supercluster area is deferred to a later paper where our redshifts 
will be combined with additional redshifts obtained by Arp, Chincarini and 
Tarenghi, and Shanks, to allow a more comprehensive study of the structure 
of the supercluster. 
2. SELECTION OF GALAXIES 
The galaxies observed were chosen from several lists in more or less the 
following order or priority: 
(i) Brighter apparent members of rich clusters in the Indus 
Supercluster area, or brighter objects in the "field" in Indus; 
(ii) Galaxies listed in the Second Reference Catalogue (hereafter 
RC2; de Vaucouleurs et al, 1976) either 
(a) unobserved or with single low- weight observations, or 
(b) with well determined redshifts from several sources, i.e. 
"standard galaxies "; 
(iii) Objects with discordant published redshifts 
(iv) Galaxies in fields for which redshifts can also be obtained from 
objective prism plates (e.g. Cooke et al 1977); and 
(v) Previously unobserved galaxies in the area of the Virgo Cluster, 
several of which have photometry by Eastmond (1977) and by 
Corwin (1980). 
Because of problems of sky contaimination on our plates, low surface 
brightness galaxies were generally avoided, as were those with BT 16.5. 
Our final list is therefore weighted towards early -type galaxies with 
bright nuclei. 
3. OBSERVATIONS 
All of the observations were made during a single observing run in June 1978 
with the image tube spectrograph (hereafter ITS; see Palmer and Milsom 1972 
for a complete description) at the Cassegrain focus of the South African 
Astronomical Observatory's 1.9 metre Knox -Shaw reflector near Sutherland. 
We used the number 1 grating which gives a reciprocal dispersion of about 
215 R mm -1 in the first order; the dispersion varies only slowly with 
wavelength. The final projected image scale on the plate along the slit 
is 79.2 arc sec mm -1 . We initially set the slit width to 0.4 mm 
(= 2.4 arc sec) but soon reduced this to 0.3 mm (= 1.8 arc sec). 
Pre -flashed II a -0 plates were used, and each spectrum covered a wavelength 
range from ü3500Á to "7500 Á. 
Exposure times ranged from 1 minute to 30 minutes and were preceded and 
followed by comparison (copper- argon) arc exposures of 10 to 15 seconds. 
All exposures were untrailed. The slit was usually aligned east -west across 
the nucleus of the galaxy; exceptions are noted. The slit length was 
generally set between 40 and 60 arc seconds, though longer slits were 
used for three exposures; these are also noted. All plates were developed 
in D -19 for 5 min at 20 °C. 
4. MEASUREMENT OF THE SPECTRA 
All of the spectra were measured by two different methods: 
(a) by D.E. with a Joyce -Loebel scanning microdensitometer, and 
(b) by H.C. with a Hilger and Watts single screw travelling microscope. 
The measurements were made independently, and were compared only when all 
the spectra had been measured by both methods. 
The microdensitometer was used to make at least two scans of each spectrum: 
(i) a scan of a strip about 120 microns wide (corresponding to about 
10 arc sec) centered on the brightest portion of each spectrum, and 
(ii) a scan corresponding to the full length of the spectrograph slit. 
In both cases a slit effectively 30 microns wide (on the plate) was used, 
and the comparison spectra were scanned and recorded on the same tracing. 
In the microscope measures the cross hair was set by eye at the subjectively 
estimated centre of the line or feature. Galaxy features were measured in 
the nucleus when they could be seen there. If the feature was over -exposed 
in the nucleus but still visible beyond it, the cross -hair was set by 
interpolation to the estimated nuclear position. Forward and reverse 
measurements were made for each spectrum during a single sitting. The 
screw was read to 1 pm. The internal consistency for repeated settings on 
sharp unblended features was 1 -2 pm; the setting consistency on the more 
diffuse absorption features was 4 -5 pm in the worst cases. All apparent 
galaxy features, whether absorption or emission, were measured in every 
spectrum with the exception of No. 1875 -1 of NGC 6753, where sky contamination 
prevented reliable identification of many of the features. Obvious defects 
were ignored. The night sky emission lines at 5577X, 5892, 6300R and 6363Á 
were measured whenever they could be seen. The H and K sky absorption 
features were also occasionally measured. 
Curvature manifested itself only as a slight tilt of the spectral lines. 
As this affected equally comparison and galaxy spectra, it was compensated 
for in the microscope measures by rotating the cross -hairs by about one 
degree. This procedure saved a great amount of time with little sacrifice 
in accuracy, but may have been one source of the small systematic redshift 
residuals discussed in Section 6 below. 
As might be expected, the travelling microscope measurements gave redshifts 
ti 
of much higher internal accuracy (typically, 6v - ±40 km sec 1) than 
ti 
did the microdensitometer measures (a - ±120 km sec 1). A few of the 
microdensitometer scans were repeated when discrepancies with the travelling 
microscope values of more than 500 km sec -1 were found. The repeat scans 
always agreed with the microscope values to within the combined errors, 
suggesting paper slippage during the original scans. However, the 
microdensitometer scans were found to be far better at detecting features 
5 
in over and under -exposed portions of the spectra, except where there was 
confusion from strong night sky contamination. 
Thus, we have decided to adopt redshifts from the travelling microscope 
measures (Section 5), and to base our discussion of the appearance of 
spectral features primarily on the Joyce -Loebel scans (Section 7). 
5. REDUCTION OF TRAVELLING MICROSCOPE MEASUREMENTS 
(a) Comparison Lines and Dispersion Formulae 
The comparison lines used to determine the dispersion curves were generally 
the stronger unblended lines of AI. However, a few blended lines had to 
be used in some parts of the spectrum. Since the wavelengths of the 
comparison lines are known to depend on several factors over which observers 
have little control (contamination of the discharge tube, etc.) residuals 
from initial dispersion curve solutions were collected and averaged, then 
applied - where statistically significant - to the laboratory wavelengths 
tabulated by Zaidel' et al (1961) and Crosswhite and Dieke (1972). The 
revised wavelengths were then used in final solutions for the dispersion 
curves for each spectrum. Table 1 lists the comparison lines with their 
standard and revised wavelengths. 
The dispersion coefficients were determined through least squares solutions 
of a second -order polynomial: 
X - <X> = a + b (x - <x>) + c (x - <x >) 
2 
where X is the revised wavelength from Table 1, <X> = 5400 R (except for 
1 4662 where <X> = 6000 R ), x is the mean measurement in mm for each line, 
and <x> is the approximate measurement corresponding to 5400 Á (or 6000 R). 
Higher order polynomials gave no advantage in the least squares fit. Table 3 
. lists the mean dispersion coefficients determined separately for the 
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spectra taken with 0.3 and 0.4 mm slit widths. As there is no significant 
difference between the two sets of coefficients, the spectra are treated 
identically throughout the remainder of this paper. 
The 3948 R AI comparison blend was absent in many of our spectra. This 
meant that we had no comparison lines blueward of 4159 Á in more than half 
of our spectra. To check that the dispersion curves could be safely 
extrapolated into the ultraviolet, we performed three tests: 
(i) Table 3 shows no significant dependence of the dispersion 
coefficients on the presence or absence of the 3948 Á blend; 
(ii) Redshift residuals V - <V> plotted versus wavelength for individual 
features in the galaxy spectra showed no systematic trends regardless 
of the presence or absence of the 39488 blend; and 
(iii) Calculated rest wavelengths of galaxy features (Tables 4 and 6) 
showed no systematic residuals dependent upon the presence or 
absence of the 3948 á blend. 
We are therefore reasonably confident that extrapolating our dispersion 
curves into the ultraviolet as necessary has introduced no significant 
systematic errors in the wavelengths of the measured galaxy features. Only 
two of the redshifts in our list depend exclusively on lines measured 
blueward of 4159 ñ, and both of these spectra (A 1601 -67 Band a bright 
star superposed on I4444) had the 3948 Á blend present. 
(b) Reduction of redshifts 
Once the dispersion curves for each spectrum were known, the apparent 
wavelength of every measured feature was calculated. Major absorption 
the 
features were identified from the compilations by /de Vaucouleurs (1967) and 
by Sandage (1975, 1978) and preliminary redshifts calculated (velocities 
quoted in this paper are all V = c 
AX 
values). These were then used to 
find rest wavelengths for all absorption features. Several "new" features 
- primarily blends of iron and other metals - were identified in this way. 
These were used together with the features from the older lists to find 
second approximation redshifts, which were in turn used to revise the rest 
wavelengths of all absorption features. The final redshift was determined 
with these revised wavelengths, but features with rest wavelengths 
deviating in any particular case by more than two sigma from the mean rest 
wavelengths were rejected. 
The same procedure was tried for the emission lines. However, as the rest 
wavelengths for these lines were not significantly different from the value 
in the compilations quoted above, and as no "new" emission lines were found, 
the initial redshift based on the older wavelength lists was adopted as 
final. 
(c) Absorption Features and Emission Lines seen 
A "new" absorption feature had to be present in at least four spectra to be 
accepted as genuine. All the absorption features used for redshift 
determination are listed in Table 4; "new" features are marked by an 
asterisk. Rest wavelengths X0, their mean errors an, the standard deviation 
al in a single Xo determination, and the numbers of spectra in which the 
feature was used for redshift determination are listed. A frequency of 
occurrence parameter fo = 10(n/69) was calculated for comparison with 
Sandage's qualitative estimate of "visibility ". For the features in common, 
the agreement of these two indicators of line strength is good, although 
f under -estimates "visibility" by about one unit for the less prominent 
0 
lines. The final column of the table gives tentative identifications of 
the features based solely on line identifications in the solar spectrum 
(Moore et al, 1966). These may, of course, be inappropriate to galaxy spectra 
in several cases. 
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The mean difference between our adopted wavelengths A0 and the values of 
Sandage and de Vaucouleurs for 17 features is 
0X0 = 
X0 
- X0 (S,de V) = +0.06 ± 0.18 á with 61= ± 0.75 Á 
We have not considered systematic effects due to apparent magnitude, galaxy 
the 
type etc. (see /de Vaucouleurs 1963, 1967) as our sample is deficient in 
bright, late -type galaxies. 
Eighteen possible absorption features, each seen in fewer than four spectra, 
are listed in Table 5. This table gives the same information as Table 4, but 
a Notes column is added. A note such as "4710 ?" refers to a feature listed 
by Sandage for which our wavelength agrees only approximately with his. 
None of the features listed in Table 5 were used for redshift determination, 
even though they gave the same redshift to within the errors as the accepted 
features in Table 4. After this table was assembled, we found that lists 
of features by Williams (1976) and by Dawe et al (1977) confirmed several 
of these 'new' features. They are marked with a dagger (t). 
Table 6 lists the emission lines seen by H.C. in our spectra, and the number 
of spectra in which each was measured. Comparison of redshifts from 
emission lines alone with redshifts from absorption features alone for 
the 24 spectra with both shows AV = Vabs - Vems = + 
64 ± 16 km sec -1 and 
G1 = ± 78 km sec 1. Though the difference is large and significant, we have 
not corrected either absorption or emission redshifts. The reasons for this 
are discussed in Section 6d below. 
(d) Night Sky Lines 
Redshifts for the measured night sky lines were also calculated. Mean 
values are shown in Table 7. The large negative redshifts for the H and K 
night sky features are probably caused by asymmetries in the features 
introduced by the steep continuum gradient blueward of 4000 á, combined 
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with the faintness of the features. The H and K lines were therefore 
ignored, and a correction to zero night sky redshift was based only on the 
four emission lines. (No mercury emissior lines are visible in the SAAO 
spectra). The weighted mean of the mean night sky emission redshifts 
(weights are W = (10 /6n)2) is -8 ±2 km sec -1 with al= ±33 km sec -1 for 
211 lines. The adopted correction to zero night sky redshift is therefore 
+8 km sec -1 ; this was applied to all galaxy redshifts. 
(e) Adopted Redshifts 
The final redshifts are listed in Table 8 which gives in successive columns: 
(1) The galaxy's name; 
(2) The galaxy's 1950 coordinates from RC 2, Dressel and Condon (1976) 
Reinmuth (1927), Holmberg et al (1980 and references therein), or 
newly determined by one of us (H.C.) on Palomar Sky Survey (PSS) copy 
plates, or on UK Schmidt III a -J plates; 
(3) Revised type from RC 2, or estimated by H.C. from PSS or UKS plates; 
(4) SAAO I.T.S. plate number, and spectrum number on that plate; 
(5), (6) and (7). Position angle, width and length of slit; 
(8) Exposure time in minutes; 
(9) Date (in June 1978) of the exposure; 
(10) Redshift reduced to the Sun in km sec -1; 
(11) Internal mean error in the redshift; 
(12) Redshift corrected for solar motion as in RC 2; 
(13) Subjective estimate of the quality of the spectrum (E = excellent, 
G = good, F = fair, P = poor); 
(14) Presence (Y), absence (N) or rejection (R) of the 3948 R AI blend 
in the comparison spectrum; 
(15) Subjective emission intensity (10 for spectra showing very strong 
emission lines, 1 for very weak -lined spectra where the "lines" are 
probably defects); 
10 
(16) and (17) Number of absorption features (Nabs) and emission lines 
(Nem. ) 
used in deriving the redshift; 
(18) Group or cluster (if any) of which the galaxy is probably a member; 
(19) Remarks or references to notes following the table; "UBV" indicates 
photoelectric aperture photometry given by Corwin (1980); 
(20) Number in the ESO /Uppsala Survey (Holmberg et al 1980 and references 
therein). 
6. INTERNAL AND EXTERNAL ERRORS IN THE REDSHIFTS 
(a) Internal Errors 
Three estimates of the internal errors in our redshifts are possible, 
besides the standard deviation in the mean night sky redshift, 
al = ±33 km sec 1: 
(i) We have multiple spectra for six galaxies. However, the repeated 
observations of 14444 and A1740 -79 do not refer to the same parts of the 
galaxies as the first spectra. For the remaining four galaxies, the 
average deviation of the residuals from the mean redshift is ±33 km sec 1, 
and the standard deviation in one residual is ±37 km sec 1. 
(ii) The mean of the a 
v 
's from column (11) of Table 8 is <a v 
> = ±41 km sec 1. 
As expected, emission lines give considerably smaller errors 
< Q 
emis 
> = ±31 km sec -1 than do the absorption features for which 
< aabs> 
= ±45 km sec 1. 
(iii) Finally, we may convert the mean errors an of the adopted rest 
wavelengths given in Tables 4 and 6 to redshifts. For the 33 absorption 
features, this gives <c 
n 
> = ± 36 km sec 1. For 14 emission lines seen 
o a 
in more than one spectrum, <C n 
> = ± 21 km sec 
1 
o 
The agreement of the four estimates is good, and we adopt as the internal 
mean error in a redshift measured from a single spectrum 
alti ± 40 km sec-1 
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(b) True (External) Errors from Optical Redshift Comparisons 
It was shown in RC2 and by Sandage (1978) that the true errors in most 
redshift lists are nearly always larger than the internal errors. Since we 
have several galaxies in common with RC2, Sandage (1978), and Martin (1976), 
true external errors in each set may be derived by three -by -three triangular 
comparisons of the standard deviations of the mean differences between sets. 
Table 9a gives the relevant data. The comparisons are for all objects in 
common to the lists except for the RC2 - Sandage comparison which is for a 
random sample of galaxies in common. To ensure independent samples and 
unbiased results, we have removed from the RC2 redshifts the data of Sandage 
(some of which was published in time for inclusion in RC2), and we have 
removed the + 30 km sec -1 correction to the HI system that Sandage applied 
to his redshifts in 1978. 
Table 9b shows the results of the triangular comparisons. The true mean 
errors are seen to be close to the expected values for RC2 and for Martin, 
but they are somewhat better than expected for Sandage (cf. his Tables VIII 
through X). Our redshifts are of comparable quality. Note that we find 
ti 
f6 
= aExt/ a. ' 
± 53/± 40 - 1.3 for our data, confirming once again that 
external errors are larger than internal errors. 
We have also calculated zero point offsets for each data set, but delay 
discussion of these until after a comparison with 21 -cm redshifts. 
(c) True external errors from 21 -cm HI line Redshifts 
Redshifts from the 21 -cm line of neutral hydrogen are generally very accurate 
(e.g. RC2, Lewis 1975; Rood 1981, Bottinelli et al 1981a), and so are often 
assumed to be nearly error -free when making comparisons with much lower 
weight optical velocities (see e.g. Sandage 1978 and Rood 1981 for such 
comparisons). We adopt this general approach and assign errors of 
± 15 km sec -1 to the HI redshifts regardless of their origin; 
see RC2 and 
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Lewis (1975) for a justification of this figure. 
Eleven of our galaxies have HI redshifts (seven published by Lewis 1975, 
Whiteoak and Gardner 1977, and Thonnard et al 1978; three unpublished from 
Parkes observations by Zealey et al., and one from Bottinelli et al., 1981b). 
The mean residual is <AV> = VCE - VHI -23 
±.22 km sec- l,with a1 = ±72 km sec 1. 
If aHI = ± 15 km sec -1 , the mean error in our redshifts is ± 70 km sec 1, in 
fair agreement with the estimate of ±53 km sec -1 from the optical comparisons 
above. Similar mean residuals and error estimates are set out in Table 10 
for the other three optical data sets. Again, the RC2 data set is drawn at 
random from the catalogue. The large differences between the external 
errors from HI comparisons and the external errors from the optical triangular 
comparisons are probably due to the samples being (contrary to expectation) 
unrepresentative and to scale errors in the various optical data sets. 
(d) Zero point and Scale errors 
Figure 1 is a plot of the redshift residuals AV = VCE- Vothers vs 
redshift. 
The source of the discrepant zero points for our data is apparent: the 
HI redshifts give mainly negative residuals for galaxies with V< + 2500 km sec 
while the optical residuals are systematically positive at V > + 1000 km sec 1. 
While the trend in Figure 1 seems clear, it depends almost entirely on the 
few comparison redshifts at V > + 4000 km secs for its reality. Therefore 
we prefer to make no corrections to our redshifts now, although additional 
comparisons in the future may well confirm the systematically positive 
residuals at larger redshifts. 
If we had corrected our absorption redshifts to the mean system defined by 
the emission redshifts (see Section 5c above), both HI and optical 
comparisons 
would give large negative residuals. Leaving the absorption 
redshifts 
uncorrected, as we have, the mean of the optical and HI residuals 
for the 
galaxies with V < + 3500 km sec -1 is not significantly 
different from zero. 
Nevertheless, in looking for the cause of the absorption- 
emission redshift 
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difference, we have found (see Figure 2) that the residuals from the HI 
data become larger as emission intensity decreases. 
Finally, examination of Table 10 shows that we confirm Sandage's suggestions 
of a systematic difference between optical redshifts and HI redshifts. Only 
the RC2 optical redshifts (from which systematic errors have been removed) 
and Sandage's Palomar "d" series redshifts show no evidence of the systematic 
difference from HI redshifts in the direction that Sandage suggested (HI 
redshifts larger). Three of the data sets (our own, Martin's and Sandage's 
Palomar "a" series) have only marginally significant differences, but all 
are in the same sense. De Vaucouleurs et al (1979) also find small systematic 
differences in the same direction between their optical redshifts and recent 
HI determinations. 
Examination of the source of the discrepancy is beyond the scope of this 
paper. We note, however, that all the optical sources that we have examined 
seem to show variations in the residuals as a function of redshift (cf. Section 
6d above, RC2, and de Vaucouleurs et al 1979). Simple calculations of 
zero -point differences will not be enough to fully resolve the discrepancies. 
In any case the errors in our redshifts are larger than the corrections 
indicated. Until more precise data from other sources is available for 
comparison, we prefer to make no corrections to our data. 
7. SPECTRAL FEATURES IN THE MICRODENSITOMETER SCANS 
The general appearance of galaxy spectra is well known (e.g. Sandage 1975, 
de Vaucouleurs and de Vaucouleurs 1967) and variations in the stronger 
features have often been discussed and correlated with other variables such 
as galaxy type (de Vaucouleurs 1967), metallicity (Faber 1977), and luminosity 
and /or mass (Faber and Jackson 1976). However, there are few published 
descriptions of the absorption features in galaxy spectra covering the full 
wavelength range observed here, and although our sample of 80 galaxies is 
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weighted towards ellipticals and lenticulars, there are enough spirals to 
enable a few comments to be made about the variations in spectra observed 
for different galaxy types. 
The comments below must be taken in the context of fairly noisy spectra with 
no intensity calibration and no sky subtraction. On the other hand, no 
artificial sky features are present, and the long and short slit scans of 
each spectrum provide a fairly accurate guide to the relative strengths of 
sky and galaxy features. It must also be remembered that the 10 arc -sec width 
of the (short) Joyce- Loebelstrip corresponds to linear distances across the 
face of the galaxy varying from less than 500 parsecs to over 15 Kpc depending 
on the distance. The well known changes in metallicity with radial distance 
from a galaxy's nucleus will give rise to much of the galaxy to galaxy 
variation seen in the tracings, in addition to intrinsic galaxy to galaxy 
metal abundance variations. 
Table 2 lists features frequently seen on the tracings but not appearí'i. in 
the lists of Sandage (1978) and de Vaucouleurs and de Vaucouleurs (1967). 
Column (1) gives the name of the feature, asterisked if reprted for the first 
time to our knowledge, columns (2) and (3) give the wavelength of the 
feature and the mean error in the wavelength, while columns (5) and (6) give 
the mean error in a single determination of the wavelength and the n lllpl4l er of 
spectra in which the feature was seen within f the quoted wavelength 
without possible confusion with night sky or terrestíal absorption features. 
A few of these features were noted by H.C. in the travelling microscope 
measures, and are also listed in Tables 4 and 5, few were list 
Williams (1976) and some can be seen in the sta I II 
.4 by 
and spectra us - by 
Kelton (1980). Though these features are strong in the sense of being easily 
recognised above noise on the microdensitometer tracings, most are broad 
enough to escape easy detection by eye with a microscope, especially innthe 
well- exposed nuclear regions of a galaxy spectrum. The rather large 
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uncertainties in the wavelengths of the features are partly instrumental 
and partly real. Most of the features are blends, and the variation of the 
fraction of a galaxy being sampled with distance could cause shifts in the 
apparent wavelength of a feature. The 3579/3612 features could be useful 
for redshift determinations of distant ellipticals and lenticulars (provided 
confusion with the similarly separated H and K is avoided) and it may be 
worth refining the wavelengths of these features using a sample of galaxies 
at similar redshifts. 
(a) Spectra of Elliptical and Lenticular Galaxies 
Most of the twenty -seven early type galaxies in our sample with spectral 
tracings of reasonable signal -to -noise ratio show a basically similar 
pattern of features in the ultraviolet. The K line and the blends at 3969 
( "H ") and 3835 ( "He" but with major contributions from MgI and FeI) are all 
strong, with K typically somewhat deeper than H, and "Hrl" similar in depth 
to K but broader. The feature at around 3883 Á, in a region of strong CN 
absorption in late type stars, is variable in strength and wavelength, and 
appears to be absent in about half of our E and SO spectra. (In the 
microscope measurements the 3883 Á feature appears as two components at 
3879 R and 3888 Á.) A feature usually appears at about 3743 R with a depth 
somewhat less than "Hrl ", and is sometimes accompanied by another feature at 
3795 R. 
There appears to be an absence of strong absorption features at our dispersion 
between 3620 á and 3740 Á. At shorter wavelengths the 3579 á and 3612 Á 
features mentioned earlier are seen. The 3579 X feature is strong and 
frequently detected, while 3612 Á is weaker and sometimes absent. Though 
not specifically noted previously in galaxy spectra, these two features 
can 
be identified in the spectrophotometry of late type stars by Fay et 
al (1974). 
The only galaxies in our sample of 27 that definitely do not show 
3579/3612 
are A 1238 -04, A 2131 -62A, and A 2213 -52A, although the 
spectra of these 
galaxies at longer wavelengths are normal. 
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The principal features redward of 4000 á - the G band around 4304 Á, the 
Mg b triplet at around 5174 Á and the Na D lines at 5892 á - show considerable 
variations in strength from galaxy to galaxy. The G band is particularly 
strong in A 2212 -51A, A 2035 -61, and 14721A, and unusually weak in A 2129 -60 
and 1 4798. The D line appears strongly in A 2035 -61 and N 6851, but 
appears to be completely absent in A 2129 -60. 
The wavelengths as well as the strengths of the G and b bands vary from 
galaxy to galaxy, as might be expected for broad features made up of several 
lines and bands. Histograms of the microscope measured wavelengths show 
three definite peaks for both of these features. The peaks are designated 
. G1, G, and G2 , and bl , b and b2 in Table 4. (The number ratios 
n(G1) /n(G) = 0.34, n(G2) /n(G) = 0.28, and n(b1) /n(b) = n(b2 ) /n(b) = 0.46 
do not, however, change significantly with galaxy type except that 
n(b1) /n(b) = 4.0 and n(b2) /n(b) = 1.5 for Sc to Im and peculiar galaxies) 
Such wavelength changes have probably led to lower accuracy in many optically 
determilLed redshifts than might have been achieved otherwise. 
(b) Spectra of Spirals and Irregulars 
Five of the seven galaxies classified SO /a to Sab in our sample have spectra 
essentially identical to the spectra of the ellipticals and lenticulars. 
However, the noisy spectrum of A 2111 -59 appears to show a very weak K line 
and a strong b band, while A1601 -67A has a discontinuity at 3650 á rather 
than the 3579/3612 pattern typical of early type objects. 
The fifteen Sb and Sbc galaxies observed by us include a number of relatively 
nearby objects for which our spectra refer only to the nucleus. Not 
surprisingly these have absorption spectra that are very similar to those of 
the elliptical and lenticular galaxies. In the other Sb and Sbc galaxies, 
as well as in the Sc to Sm objects, Hy is usually prominent, 3579/3612 no 
longer dominates shortward of 3700 Á, and the 3743 R feature is often replaced 
by one at 3769 R possibly due to HX and FeI. The spectra of the two 
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irregular galaxies (N 5464 and I 4662) are completely dominated by emission 
lines, with I 4662 showing no absorption at all. 
(c) Emission Lines 
In general, the number of emission lines present and their strengths, increase 
along the Hubble spiral sequence. None of our elliptical and lenticular 
galaxies show any emission, although in some cases under -exposure in the 
ultraviolet could hide a weak 3727 line, and in the redshift range 
z = 0.042 to 0.055, weak Ha + NII could be masked by OH night sky emission. 
The earliest galaxy type in which we see emission lines is Sa (A 1222 + 12, 
but the type is uncertain). The single HeI line at 4471 R measured in the 
microscope measurements in NGC 7098 (Sa) is probably a defect as it was not 
recorded on the microdensitometer tracings. The emission spectra of the 
later type galaxies can for the most part be satisfactorily matched by the 
spectra of HII regions of various degrees of excitation as given by 
e.g. Smith (1975). The HeII line at 4686 Á in the irregular galaxy 1 4662 
is very surprising, if real. We also note that we occasionally find NII at 
6584 Á to be stronger than Ha, but only in the nuclei of galaxies. Outside 
of the nucleus, Ha is always stronger than NII, as is usual in HII regions. 
This reversal of normal line strengths in galaxy nuclei has been previously 
noted by e.g. Burbidge (1970) and Warner (1973). 
8. DISCUSSION 
(a) Discordant Redshifts 
(i) NGC 4061 and NGC 4065. Turner (1976) has published redshifts for 
N 4061 and N 4065 that are much lower than those published by Gregory and 
Thompson (GT, 1978) and by Tifft and Gregory (1979). Our observations confirm 
the GT redshift for N 4061 to within the measurement errors, but our 
redshift for N 4065 is over 600 km sec -1 larger than GT's. (A similar 
discrepancy in the redshift for NGC 4104 as observed by GT and by Kirshner 
et al 1978, also exists, and the sizes and directions of both discrepancies 
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are of similar magnitude to the redshift errors discussed by Simkin 1977 
and Tifft 1978). The internal agreement of the lines measured in our 
NGC 4065 spectrum is very good (see Table 11) independent of wavelength. 
However, another observation will be needed to finally resolve the discrepancy. 
(ii) NGC 5592. Sandage (1978) gives VH = +13, 511± 80 km sec 
- 
for this 
galaxy from two Palomar series "d" plates. Our own much lower velocity is 
based on only a single plate, but, as in the case of N 4065, the internal 
agreement of the redshift from different lines is very good (Table 11). We 
also note that our redshift suggests MB = -21.4 (absorption and inclination 
corrections ignored) using mh from RC2 and assuming (for consistency with 
Sandage's work) Ho = 50 km sec 1. This is in close agreement with the mean 
value of MB = -21.25 found by Sandage and Tammann (1974) for luminosity class I 
spirals. Sandage's redshift leads to MB = -23.8, which seems over -luminous. 
Though Sandage and Tammann have adopted our redshift for the Revised 
Shapley -Ames Catalogue (RSA; Sandage and Tammann 1981), another spectrum 
will be necessary to finally resolve the discrepancy. 
(iii) IC 4444. Sandage (1978) notes strong absorption lines at zero 
redshift in this galaxy, with four emission lines giving VH = +1979 ± 14 km sec -1 
Our first spectrum for the object (CX 1886 -1), centered on a very bright 
stellar "nucleus" is very similar to Sandage's, though we observe the G -band 
at the emission redshift and not at V =O. Our second spectrum (CX 1886 -2) is 
for a bright knot a few arc- seconds south of the stellar object. Here, all 
lines - absorption as well as emission - give the same higher redshift. The 
most reasonable interpretation is that Sandage's spectrum and our first 
spectrum include a superimposed star. 
(iv) A 1610 -60 (= PKS 1610 -607 = MHS 16 -61). Burbidge and Burbidge (1972) 
give z = 0.0284 for this object noting the value to be uncertain, while 
Whiteoak (1972) gives z = 0.0176 ± 0.0001. Our redshift, and 
those obtained 
by Danziger (see Christiansen et al 1977) and by West (1981, 
in press) confirm 
Whiteoak's value. E.M. Burbidge (1981, private communication), has stressed 
that their redshift is extremely uncertain, being one of three possible fits 
to their measurements. The RC2 adopted the Burbidge's value and should be 
corrected. 
(v) IC 4721 and IC 4721 A. Sandage's (1978) redshift obviously refers 
to the small elliptical IC 4721 A 2:2 south of the much larger and lower 
surface brightness IC 4721. Not only does our redshift for IC 4721 A agree 
with Sandage's value, but the elliptical is much more easily seen in the 
eyepiece. On UKS IIIa -J film, IC 4721 A appears to belong to a scattered 
cloud of galaxies in the background of IC 4721, and there is no sign of 
interaction between it and IC 4721. 
(b) Galaxies of Special Interest 
(i) A 1224 +13 and A 1233 +12. These galaxies are compact dwarf ellipticals 
in the Virgo Cluster. The integrated photometric properties of A 1233 +12 
are similar to those for M32 (see Corwin 1980), and it is to be expected that 
those for A 1224 +13 will be much the same. Neither has striking spectral 
peculiarities at the low dispersion used here, and both should be good 
candidates as typical members of their class for higher dispersion studies. 
(ii) A 2131-62 B and A2212 -51 A. These two galaxies were reported to have 
abnormally small U -B colours by Corwin (1980), but the spectra are apparently 
normal. Neither shows strong ultraviolet continua or emission lines. The 
blue U -B colour indices are therefore most probably due to the faintness 
of the galaxies. 
(iii) NGC 7098. The total magnitude (BT= 12.4, Corwin 1980) and large size 
of this neglected southern ringed Sa galaxy easily qualify it for inclusion 
in the Shapley -Ames Catalogue (1932), though it was not listed there. It 
has also been detected in neutral hydrogen by Zealey et al (in preparation) 
and is apparently normal for its type in its integrated HI properties (see 
Bottinelli et al 1980). Its velocity is such that it could be a member of 
the Pavo -Indus Cloud (de Vaucouleurs 1956, 1975). However, 
the large projected 
20 
distance to the centre of the Cloud el, 20° - 8.5 Mpc assuming a distance of 
24 Mpc for the Cloud; de Vaucouleurs 1975) makes its membership only a 
possibility. 
(c) Groups and Clusters 
Included in our sample are galaxies in eighteen rich clusters. Ten of the 
clusters have only a redshift for one galaxy, and require observation of 
further galaxies for confirmation of the cluster redshift. We have observed 
at least two galaxies in four of the clusters, and in four other clusters 
redshifts of additional galaxies are available from Bergwall et al (1978), 
Chincarini and Tarenghi (private communication), Fairall (1981), and Green (1978). 
In all eight clusters, the additional redshifts confirm the initial values. 
For our other galaxies, we have made an attempt to identify the groups to 
which each belongs. The group listings by de Vaucouleurs (1956, 1975) and 
Corwin (1967) were helpful for the nearer objects, but the continuing lack 
of data in the southern hemisphere has made it likely that several of 
our group assignments are incorrect. For the same reason, we have been 
unable to assign several galaxies to any group. 
(d) Superclusters 
Galaxies in the Indus Supercluster will be discussed in a subsequent paper. 
We have also observed a few objects in Virgo that have redshifts in the 
range covered by the Coma Supercluster (Chincarini and Rood, 1976, 1979; 
Gregory and Thompson 1978, Tifft and Gregory 1976). The pair of galaxies 
A 1239 -05A, B is on the southern side of the ring of Zwicky clusters defined 
by Tago (1980, private communication) as the Coma Supercluster. The 
redshift of the pair is just that of the clusters A 1367 and A1656 (Coma) 
and of the "bridge" of galaxies between them studied by Gregory and Thompson. 
N 4061 and N 4065 are the brightest members of a small cluster that is 
situated in this "bridge ". 
21 
At a somewhat higher redshift are N 4325, I 775, and A 1222 +12. These are in 
the background of the Virgo cluster, and are located very nearly at the 
centre of Togo's ring. Several other galaxies in the area observed by 
e.g. Eastmond and Abell (1978) have similar redshifts. If one accepts the 
ideas of Joeveer and Einasto (1978), Joeveer et al (1978) and Einasto et al 
(1980) concerning the cell structure of superclusters, then these galaxies 
behind the Virgo cluster may be located in, and define, the far "cell wall" 
of the Coma Supercluster. 
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TABLE 1 - ARGON 1 COMPARISON LINES 
Line Std. X Adopted X's Notes 
0.4 mm 0.3 mm 
3948 3948.9 3948.5 
4159 4158.6 4159.1 
4345 4345.2 4348.6 
4545 4545.1 4545.2 
4764 4764.9 4764.9 
4879 4879.9 4880.2 
5014 {5014.0} (5015.4) 
5187 5187.8 (5188.7) 
5221 5221.3 5218.9 
5495 5495.9 5496.3 
5606 5606.7 5606.2 
5912 5912.1 5912.0 
6032 6032.1 6031.2 
6171 {6171.7} 6171.8 
6416 6416.3 6416.0 
6677 6677.3 6677.5 












Blend with 3947.5 
Blend w. 4348.1 (AII) 
Contaminated ? 
AII 
AII. Contaminated ? 
Blend of 5009.4 and 
5017.2, both AII 
Used only when X5221 
not available 
5219.6 Blend with 5216.3 
5495.9 
5606.2 Contaminated ? 
5912.1 
6031.0 Contaminated ? 
6171.8 





Used only for 
14662. Std X's 
adopted 
TABLE 2 
BROAD ABSORPTION FEATURES SEEN ON JOYCE -LOEBEL TRACINGS 
Feature X 
o 
a a1 n Notes 
3579* 3579.1 ±1.1 ±4.7 18 Nearly all in E and SO 
galaxies 
3612* 3612.0 1.3 4.1 10 Mainly in E and SO galaxies 
3680* 3680.8 1.4 4.0 8 
4068 4068.2 1.3 4.7 13 cf 4071 (Table 3) 
4153* 4153.8 1.9 6.0 10 
4182* 4182.2 2.0 5.7 8 
4405 4405.6 1.7 5.1 9 cf 4404 (Table 4) 
Mainly in Sa to Sc galaxies 
4460 4460.4 1.5 4.5 9 cf 4457 (Table 4) 
Nearly all in E and SO 
galaxies 
4530 4530.3 1.9 4.7 6 cf 4528 (Table 4) 
Nearly all in E and SO 
galaxies 
4669* 4669.2 2.1 5.1 6 
5127* 5127.8 1.5 4.5 9 
5148* 5148.4 1.4 3.7 7 
5208* 5208.4 1.2 2.9 6 Nearly all in 
E and SO 
galaxies 
TABLE 3 - DISPERSION COEFFICIENTS AND ERRORS 
Sample <b> <c> <a> 
0.3 mm w. X3948 214.8± 0.4X mm -1 -0.624 ± 0.0161 mm -2 ±O.515Á 
0.3 mm w/o A3948 215.0 ± 0.5X mm -1 -0.633± O.019Á mm -2 ±O.529R. 
0.4 mm w. X3948 214.3 ± 0.7R mm-1 -0.639-± 0.027.2. mm-2 ±O.5711 
0.4 mm w/o X3948 214.9-± 1.lá mm -1 -0.652 ± 0.0158 mm-2 ±O.508á 
TABLE 4 - REST WAVELENGTHS FOR ABSORPTION 
FEATURES USED IN CALCULATING REDSHIFTS 
Feature X a 
n 
61 n f 
0 
Identity 
3742 3742.5 ±0.4 ±1.4 11 1.6 FeI (+ Ti II?) 
3769* 3769.0 0.8 2.1 8 1.2 Ha + FeI 
3794* 3794.5 0.3 0.7 4 0.6 FeI 
HA 3798.6 0.7 1.7 7 1.0 HO 
3827* 3827.0 0.5 2.0 16 2.3 FeI 
Hr1 3834.66 0.26 1.33 26 3.8 Hn (+MgI + FeI) 
3879* 3879.1 0.7 2.4 13 1.9 FeI 
HC 3887.7 0.4 1.1 8 1.2 K 
K 3933.44 0.17 1.37 67 9.7 CaII 
H 3969.17 0.20 1.68 69 10.0 CaII + HE 
4071* 4071.1 1.0 2.0 4 0.6 FeI 
lid 4102.8 0.4 2.0 21 3.0 HS 
g 4227.8 0.5 1.3 7 1.0 CaI 
.S. 
4272' 4272.1 0.5 1.0 4 0.6 FeI + CrI 
GI 
* 4298.1 0.6 1.7 9 1.3 CH etc. 
G 4304.36 0.27 1.49 31 4.5 CH etc. 
GI 4310.4 0.5 1.2 6 0.9 CH etc. 
Hy 4340.5 0.3 0.6 3 0.4 Hy 
4376 4376.7 0.8 1.7 4 0.6 FeI + CH 
4384 4384.1 0.7 2.2 10 1.4 FeI 
Hß 4864.5 0.5 1.7 11 1.6 Hß 
bi 5166.6 0.6 2.1 11. 1.6 MgI 
b 5174.0 0.4 2.1 24 3.5 MgI 
b2 5183.2 0.6 2.1 11 1.6 MgI 
5268 5268.6 0.6 1.8 11 1.6 FeI 
+ CaI (or MgH) 
5591 5591.0 1.2 2.0 3 0.4 CaI 
+ NiI 
5709 5709.9 0.4 0.8 4 0.6 
FeI + MgI (+NiI ?) 
5847* 5847.6 1.1 2.1 4 0.6 
FeI (+NiI ?) 
5856 5856.3 1.1 3.0 7 1.0 
CaI + FeI (or T10) 
D 5892.36 0.26 1.40 28 
4.1 NaI 
5917* 5917.6 0.6 1.1 4 0.6 
FeI ? 
5948* 5948.2 0.5 1.0 4 0.6 
SiI ? 
5955t 5955.3 0.5 1.1 5 










Identity Notes a1 n 
3752* 3752.4 0.7 1.1 3 0.4 Hp +FeI 
40771. 4077.4 0.4 0.6 3 0.4 FeI+MnI+SrII 
4122* 4122.8 1.0 1.7 3 0.4 FeI (+CoI ?) 
41441. 4144.2 0.5 0.9 3 0.4 FeI + HeI 
4196* 4196.7 0.9 1.5 3 0.4 FeI + CN 
4276* 4276.0 0.9 1.5 3 0.4 FeI + CH (+CrI ?) 
44041. 4404.3 0.6 1.0 3 0.4 FeI 
44571. 4457.3 0.6 1.1 3 0.4 FeI etc. 
45281- 4528.6 - - 1 0.1 FeI etc. 
4708 4708.0 0.1 0.1 2 0.3 FeI+TiI+CrI = 4710 ? 
4871* 4871.3 0.4 0.7 3 0.4 FeI 
5022 5022.5 0.6 1.0 3 0.4 TiI + FeI = 5024 ? 
5100 5100.5 - - 1 0.1 FeI (+C2 ?) = 5103 ? 
5332 5332.6 1.7 2.3 2 0.3 FeI = 5331 ? 
5403 5403.3 0.6 0.8 2 0.3 FeI + CrI = 5401 ? 
5774* 5774.7 0.7 1.2 3 0.4 FeI 
5783 5783.7 - - 1 0.1 CrI + FeI + CuI = 5782? 
6021 6021.5 0.8 1.1 2 0.3 FeI = 6025? 
* Features reported for the first time. 
t Previously reported features independently found by us. 
TABLE 6 - EMISSION LINES MEASURED 
Line X0 n Identity 
3727 3727.0 23 OII 
3868 3868.74 9 Ne III 
HK 3889.9 1 HC ( +HeI ?) 
He 3969.56 1 HE ( +Ne III ?) 
H6 4101.74 3 H6 
(4338.6 ) (He II 
Hy ( ) 5 ( 
(4340.47) (Hy 
4363 4363.2 1 °III 
4471 4471.5 2 HeI 
Hß 4861.33 13 H, 
4958 4958.91 9 OIII 
5006 5006.84 11 OZII 
5875 5875.63 2 HeI 
6548 6548.10 10 Nil 
Ha 6562.81 26 Ha 
6584 6583.60 25 NII 
6678 6678.1 1 HeI 
6717 6717.00 12 SII 
6731 6731.30 11 
SII 
7065 7065.2 1 
Her 
7135 7135.8 1 
AIII 
TABLE 7 - NIGHT SKY LINES 
Line K(CaI)H 5577(01) 5892(NaI) 6300(0I) 6363(01) 
<V> -192 -101 -12 -15 +14 -38 
On ±31 +54 + 4 + 4 + 4 + 7 
61 +120 +210 +31 +30 +42 +31 

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TABLE 8 - NOTES 
N4061, N4065 - Discordant redshifts (see text). N4061 has a strong continuum 
with relatively narrow lines. N4065 has a more diffused though still 
strong continuum with very broad lines. In Coma Supercluster. 
1775 - In Coma Supercluster behind Virgo Cluster. 
N4325 - Comparison spectrum accidentally superposed on outer parts of galaxy 
spectrum. Strong K, weak H. In Coma Supercluster behind Virgo Cluster. 
A1222 +12 = E4 -634 (see Eastmond 1977). High surface brightness spiral ( ?) 
with strong nuclear continuum and broad, shallow features. 
Moderately strong X3727 in nucleus only not seen by H.C. but clear on 
Joyce -Loebel tracing. In Coma Supercluster behind Virgo Cluster. 
A1224 +13 = E4 -850 (Eastmond 1977). Compact dwarf elliptical in Virgo Cluster. 
K disturbed by strong night sky. 
A1233 +12 = E3 -882 (Eastmond 1977). Compact dwarf elliptical in Virgo Cluster. 
Strong nuclear continuum with strong narrow H & K, weak MgI and X4144. 
Corwin (1980) has UBV photometry and photometric parameters. 
A1238-04 = No. 19 in Cooke et al (1977). Companion to N4602 (Cooke et al 
No. 13, 12' south preceding) in Virgo II (V) Cloud. Pretty broad lines. 
A1239 -05A = Ho. 440a (Holmberg 1937) = MCG -1 -32 -38 = No.2 in Cooke et al 
(1977). Interacting with A1239 -05B. In Coma Supercluster behind 
Virgo II (V) Cloud. 
A1239 -05B = Ho 440b = MCG -1 -32 -39 = No. 1 in Cooke et al (1977). In Coma 
Supercluster behind Virgo II (V) Cloud. 
N4679 - Weak emission (Ha _ X6584) confined to ±8" from nucleus. 
T8N-2 
N5464 - Slit on E -W bar. Strong emission lines across central 40" of 
galaxy show slight rotation. Weak Hn (in absorption) and X5022. 
A1409 -65 = Circinus Galaxy. Diffuse continuum with broad diffuse absorption. 
Moderate emission within ±12" of nucleus. Ha = X6584 in nucleus, 
but Ha > X6584 outside of nucleus. See Freeman et al (1977) for 
a detailed discussion. 
N5494 - Strong H and K with weak Ha slightly tilted across decker. 
N5592 - Redshift disagrees with that by Sandage (1978); see text. Diffuse 
spectrum, knots either side of bright nucleus, strong H, very weak K. 
Moderate emission strongly tilted, primarily confined to knots (where 
Ha » X6584), though X5006 confined to nucleus (where Ha = X6584). 
N5612 - Strong, very slightly tilted H, K, G, D. Weaker HS and HC . D 
band especially strong on Joyce -Loebel tracings. 
I4444 - Peculiar spectrum noted by Sandage (1978) due to superposed star 
(see text). Longer exposure has pretty strong emission across 
decker; but X3868, Hy, and X5006 primarily confined to two knots 6" 
and 16" west of nucleus. 
N5643 - Pretty strong emission. HS absorption and emission superposed in and 
out of nucleus. Strong Hy absorption in nucleus, Hy emission on 
either side of nucleus. Ha X6548. 
14448 - Moderate emission in nucleus. X3742 disturbed by strong X3727. 
X6717 and X6731 disturbed by night sky. Absorption lines faint and 
diffuse. 
N5756 - Slit aligned on major axis. No evidence for rotation at this dispersion. 
Emission extends from nucleus to knot 20" south -west on edge of 
decker. Ha > X6584. 
T8N-3 
N5757 - Slit aligned on bright bar. All features tilted. Emission on east 
side of galaxy, extending from nucleus. (where Ha = X6584). 
N5967 - Faint emission (Ha » X6584) confined to nucleus. H and K tilted. 
A1601 -67A, B - Interacting pair, but no emission. B has H and K only, broad 
and diffuse. H and K narrow in A; X3742, Hp , and G are broad. 
Observed for A. Longmore. 
A1610 -60 = PKS 1610 -608. Brightest in cluster. Redshift in RC2 wrong; 
see text. 
N6221 - Broad emission lines in nucleus narrow to run across decker to knots 
ti 25" east and west. X6548 disturbed by very broad Ha in nucleus. 
Ha X6584 and Hß > X5006. 
N6215Á - Faint Ha and X6584 only in faint nucleus. Star with strong G band 
superposed "10" west of nucleus. 
N6300 - Nearly overexposed nucleus with Ha < X6584. (Ha just seen by H.C. 
and could not be measured; clear on tracing, however). X3727, X4958, 
X5006, Ha, and X6584 confined to nucleus. 
A1740 -79 - Spectrum 1877 -2 has slit aligned on major axis. Faint emission 
(X3727, X4958, X5006, Ha » X6584), slightly twisted, across decker. 
Spectrum 1879 -5 east -west across brightest part of galaxy. Faint 
emission across decler,tilted. Continuum faint in both spectra; no 
absorption seen at this dispersion. Observed for A. Longmore. 
14662 - Nearly overexposed continuum with no absorption and typical HII 
region emission spectrum. Two knots on slit with the following lines 
confined to the knots: Ht( +HeI ?), HE( +NeIII ?), X4363, X4471, X5875, 
X6548, X6584, X6684, X6717, X6731, X7065, X7135, and X3726, 29 
(2nd order only). Stretching across the decker were X3727 (1st order) 
T8N -4 
X3868, H8, Hy, H13, X4958, X5006, and Ha . In nucleus only is a broad 
emission feature (not seen by H.C.) centred at X4686 that could be 
Hell. 
14713 - Pretty faint continuum. Ha and X6584 tilted across decker. 
14714 - Weak emission confined to nucleus. Star on slit 27" east of nucleus. 
14720 - Diffuse continuum with diffuse absorption lines. Pretty strong 
X3727, Hß, X5006, and Ha within ±15" of nucleus (where Ha » X6584). 
X4958 and X6584 are very weak. Knot 6" east of nucleus has same 
emission lines, but broader. 
14721 - Very diffuse continuum with ill- defined absorption lines. X3727, 
Ha, and A6584 are very faint across decker. Sandage's (1978) redshift 
refers to I4721A 2:2 south. See text. 
I4721A - High surface brightness elliptical in background of 14721. 
Sandage's (1978) redshift refers to this object rather than to 14721 
2:2 north. See text. 
14806 - Broad lines. 
N6744 - Possible X3727 seen by H.C. in nucleus only is probably a defect; 
not on Joyce -Loebel tracing. 
N6753 - Spectrum 1875 -1 overexposed. X3727 seen but not measured. Ha 
pretty weak, tilted. Absorption lines broad and tilted. Spectrum 
1883 -2 has weak X3727, X3868, Ha , and X6584. Spectrum 1896 -3 
slightly trailed, lines diffuse. Emission lines in 1875 -1 and 1883 -2 
cross decker. Ha = X6584 in nucleus, but Ha » NII in outer regions. 
I4832 - Spectrum 1896 -4 slightly trailed, nuclear emission only, diffuse 
absorption lines. Spectrum 1900 -6 has faint X6548, Ha, and A6584. 
NII lines extend ±12" from nucleus, Ha confined to nucleus. 
T8N-5 
N6851 - Broad lines. 
A2048 -52 A, B - Double elliptical in core of rich cluster. Slit aligned 
on nuclei of both. Spectra of faint galaxy 22" south -east of A 
and of faint star 28" north -west of B could not be measured. 
A2049 -52A - Possible X3727 seen in nucleus by H.C. confirmed on tracing 
which also shows possible X5006. 
A2111 -59 - Diffuse lines. Joyce -Loebel tracing noisy with weak K and strong b. 
N7098 - Strong continuum with broad absorption features. X4471, measured by 
H.C., not on tracing and probably a defect. 
A2142 -57 - No nucleus seen at telescope. Spectrum shows very broad diffuse 
lines in strong continuum. Brightest in a rich cluster. 
A2148 -57 - Both spectra show broad lines in strong continuum. In foreground 
of the two rich clusters near south. 
A2158 -60D - Brightest of four interacting ellipticals. "B" is a superposed 
star. West (1977) has a photograph. First in a rich cluster. 
Sets 
TABLE 9a - OPTICAL REDSHIFT COMPARISONS 
RC2-M S-M CE-RC2 CE-S CE-M RC2-S 
<AV> +14 +30 +12 +21 -2 -7 
a 
n 
±23 ±22 ±32 ±14 ±13 ±14 
Q1 ±80 ±90 ±79 ±70 ±97 ±97 
n 12 16 6 25 57 46 
Set 
TABLE 9b - TRIANGULAR COMPARISONS 
M CE RC2 S 
Sets a a a a 
CE, RC2, S ±69 ±40 ±57 - 
CE, RC2, M ±40 ±69 - ±68 
CE, S, M ±50 - ±75 ±61 
RC2, S, M - ±49 ±49 ±83 
<Q> ±53 ±53 ±60 ±71 
a 
n 
±9 ±9 ±8 ±6 
<AV> +21 +3 -15 +3 
Set Codes: 
CE - Corwin- Emerson (this paper) 
RC2 - Second Reference Catalog (de Vaucouleurs et a11976) 
S - Sandage (1978) 







































































































































































































































































































































































































TABLE 11 - REDSHIFTS FROM INDIVIDUAL LINES* 
FOR NGC 4065 and NGC 5592 
Redshifts 
Line N4065 N5592 
3742 - +4542 
3769 - +4486 
3827 +6878 - 
HT-1 - +4405 
3879 - +4227 
K +6795 +4326 
H +6755 +4527 
G1 +6738 
G - +4620 
4376 +6870 
Hß(e) - +4383 
bl +6725 - 
b - +4299 
b2 - +4419 
5268 - +4347 
D +6840 - 
Ha(e) - +4344 
6583(e) - 
+4317 











points (with error bars) have been calculated assuming equal 
weight for each point, except for the point at V = +30046, 
AV = -129 which was given half weight. The dashed curve is a 
suggested error function for our data. 
- Velocity residual AV = VVE - VHI 
vs. emission index. The mean 
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Summary. Multiaperture photometry with the SAAO 1.0 -m reflector for 40 
(primarily southern) galaxies is presented. Nineteen of the galaxies are in the 
area of the Indus Supercluster, and provide calibration for photographic 
photometry in 16 southern sky survey fields. Observing techniques and reduc- 
tion procedures receive special attention as many of the galaxies are quite 
faint and /or of low surface brightness. Photometric parameters are derived 
through procedures based on those in the Second Reference Catalogue, and 
a few individual objects of special interest are noted. 
I Introduction 
The Indus Supercluster covers several southern sky survey fields all of which require photo- 
electric calibration to establish zero points for photographic photometry. Though previous 
photoelectric work has been done in the area (see de Vaucouleurs, de Vaucouleurs & Corwin 
1976, hereafter referred to as RC2; Graham 1976; Bucknell & Peach 1975; Green & Dixon 
1978; Bergwall et al. 1978; Wegner 1979; Persson, Frogel & Aaronson 1979) the galaxies 
observed are generally bright (BT < 13) and do not cover all of the UK Schmidt plates of 
interest. 
Two observing runs with the St Andrews photometer on the 1.0 -m Elizabeth reflector 
at the South African Astronomical Observatory (SAAO) near Sutherland have yielded the 
necessary UBV calibrating data for 19 generally fainter (BT > 14) galaxies. In addition, data 
for 21 other galaxies were collected, including the Fourcade- Figueroa `Shred' and eight 
southern DDO objects (observed at the request of G. de Vaucouleurs; see van den Bergh 
1966; Fisher & Tully 1975), as well as galaxies in the Virgo, Hydra (= Abell 1060), Hercules 
(A2151) and A2670 clusters. These data are being published now because of their potential 
usefulness to other workers. 
Though the data will fmd their greatest use in the calibration of photographic plates, they 
can also be used separately to derive photometric parameters of moderate precision (see 
RC2, pp. 26 -38). This is done in Section 5. Sections 2 -4 discuss the photometer, observa- 
tional procedures and reduction in some detail. These generally ignored aspects of galaxy 
photometry are given considerable space here because of the faintness and low surface 
1 
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brightness of many of the objects; the quality of the observations could have been easily 
jeopardized without careful attention to details. Finally, notes on a few objects of special 
interest are given in Section 6. 
2 The photometer 
The St Andrews photometer was used in its single -channel pulse- counting mode. The photo - 
multiplier was an EMI 6265A with 1000V EHT applied, and cooled to - 10°C. Dark counts 
were monitored regularly and were no more than 10 per cent of the total counts for even 
the faintest objects observed (V - 17). The dark counts were steady at - 25 s-1, except after 
a malfunction in the electronics late in the second run when they rose to - 120 s-1. 
The standard UBV filters (U = 1 mm Schott UG2;B = 1 mm Schott BG12 + 4 mm Schott 
GG13; V = 2 mm Schott 0G515) were changed by a stepping motor between integrations 
according to a preprogrammed sequence. The acquisition eyepiece box had no offsetting 
facilities so that centring on low surface brightness galaxies had to be accomplished by 
visual reference to the surrounding star field. However, most of these objects were bright 
enough to be faintly visible in the Varo image intensifier aperture viewer, so no large 
centring errors are expected. 
Apertures used ranged in angular size from 21 to 85 arcsec. Standard stars were observed 
through the 30 arcsec aperture; observations with the 21 arcsec aperture are corrected 
by - 0.01 mag for scattering in the telescope and photometer optics. The correction was 
determined by observations of stars through different apertures on several nights, and proved 
to be independent of seeing. 
Smyth & Stobie (1980) note some uncertainty in the focal plane scale for the 1.0 -m 
reflector used with the St Andrews photometer in its current configuration. This was 
checked by timing, with a stop watch, polar stars drifting at sidereal rate across the five 
apertures used here. As explained by Smyth & Stobie, the focal plane scale so derived 
(13.8 arcsec mm-1) agreed with a similar determination by them, so has been adopted here 
also. Smyth & Stobie give the sizes of all apertures presently available on the St Andrews 
photometer. For convenience, the sizes of the five apertures used in the present work are 
also listed in Table 1. This gives in successive columns the nominal aperture in arcsec as 
shown on the aperture wheel of the photometer, the true aperture in arcsec assuming a focal 
plane scale of 13.8 arcsec mm', and the logarithm of the true aperture in tenths of arcmin 
following RC2. 






80 84.6 1.15 
56 59.7 1.00 
40 42.6 0.85 
28 30.2 0.70 
20 20.8 0.54 
Star drifts by Smyth & Stobie indicated uniform response across the photocathode, and 
their value of the system `dead time' - 86 ns - was also adopted for the coincidence 
correction. 
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3 Standard stars and reductions 
Standard stars were selected from those in the Harvard E and F regions observed by Cousins 
(1973) and recently revised slightly by him (1978, list circulated at SAAO). These standards 
gave linear transformations over the colour range of interest (B -V < 1.4) with mean errors 
smaller than ±0.006 mag in all colours. Nightly extinction and transformation coefficients 
were used in the final reductions as these gave somewhat smaller residuals in the standard 
stars and the repeated galaxy observations than did mean values of the coefficients. This is 
contrary to experience at McDonald Observatory where mean extinction and transforma- 
tion values generally give smaller residuals (de Vaucouleurs & de Vaucouleurs 1972, and de 
Vaucouleurs, de Vaucouleurs & Corwin 1978, hereafter referred to as V2C). This is probably 
an indication of the very high quality of the Cousins standards since the observational 
procedure and reduction was otherwise the same at both observatories. 
Under normal conditions (photometric sky throughout the night) 12 standards were 
observed, four each in the evening, at midnight and in the morning. Abnormally poor 
weather often limited the number of standards observed, but there were never less than four, 
and the galaxy observations were never separated by more than 3 hr in time from the 
standard star observations. When northern galaxies were observed, two Landolt (1973) 
equatorial standards were added, but these were not included in the final solution for one 
night's coefficients as they gave significantly larger residuals (in a preliminary solution) than 
the Cousins standards. In practice then, the number of standards varied from 4 to 14 per 
night, their colours covered the entire range of galaxy colours encountered, and their 
maximum air mass (X 2) was larger than the maximum air mass for the galaxies. 
4 The observations 
A single galaxy observation consisted of five 10 -s integrations in each colour with the 
aperture centred by eye on the brightest part of the galaxy (or positioned by reference to 
field stars are noted above). The five galaxy -plus -sky integrations were interspersed with four 
integrations on blank sky fields, chosen by eye for the brighter galaxies and containing no 
stars visible in the Varo tube (B < 17). For the fainter galaxies or for those in crowded fields, 
the sky fields were selected from finding charts and contained no objects brighter than the 
plate limit of the UK Schmidt telescope (V _ 22). A few galaxies have stars superposed that 
are bright enough (V < 16) to disturb the measurement. With the exception of the star very 
close to the nucleus of IC 1185, these were measured separately through the 10 arcsec 
aperture, and their net counts were removed from the galaxy integrations before reduction. 
Magnitudes and colours for these stars are given in the notes to Table 2 for the galaxies so 
affected. 
Repeated observations at the same aperture on different nights of a dozen galaxies gave 
overall internal standard deviations of ±0.02 mag in V and B -V, and ±0.07 mag in U -B. 
Fig. 1 shows, however, that the residuals from the means are dependent upon magnitude. 
The solid lines in the figure are the adopted internal error functions for the galaxy 
observations. 
Six of the galaxies have observations from other sources. Mean residuals - interpolated 
between apertures when necessary - for the four galaxies with 12 < V < 14 are ±0.02 mag 
in V, ±0.025 in B -V, and ±0.06 in U -B. These residuals are fortuitously small, so cannot be 
used to estimate the true external mean errors in the present data. However, the analysis in 
V2C suggests that external errors in galaxy photometry are roughly twice as large as internal 
errors; this is probably true in the present data. There is a marginally significant zero point 
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Figure 1. Internal mean error as a function of magnitude. Residuals from mean magnitudes and colours 
versus V magnitude for repeated galaxy observations are shown as dots. Open circles are mean points and 
the solid curves are the adopted internal error functions. 
difference in U -B of - 0.06 ± 0.025 (these data with numerically smaller U -B), but there 
are too few galaxies in common to allow a confident correction to be made. 
The data are set out in Table 2 which gives: 
Column 1. The galaxy's designation following RC2 except in the cases of A0311 -02 = 
DDO 31 (= N1253 A in RC2) and A1331- 45 = the Fourcade -Figueroa galaxy 
(= A1332 - 45 in RC2). 
Column 2. The optical position for 1950.0 from RC2, Reinmuth (1927), Holmberg et al. 
(1978), or - in most cases - measured on UK or Palomar Schmidt plates (the mean errors 
in the positions are generally ± 1 in the last place given). 
Column 3. The revised type, again from RC2 or most often newly estimated from UK or 
Palomar Schmidt plates. 
Table 2. UBV photometry for 40 galaxies. 
Galaxy a (1950) 6 Type log A V B -V U -B Date Comments 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 
N0045 00 11 32 -23 27.6 SA(s)dm 1.15 12.70 0.65 0.02 78-09-08 DDO 223 
A0031-31 00 31.7 -31 03 SA(s)m 1.15 14.21 0.47 -0.22 78-09-08 DDO 224 
11558 00 33 18 -25 39.1 SAB(s)m 1.15 13.75 0.58 -0.03 78-09-08 DDO 225 
11574 00 40 35 -22 31.4 IBm 1.15 14.37 0.50 -0.03 78-09-08 DDO 226 
I0048 00 41 03 -08.27.6 SAB:0+ 1.00 13.33 0.86 0.30 78-09-08 = I1577 = MCG -1-3-1 
0.70 13.63 0.89 0.26 " See Notes. 
A0301-25 03 01 39 -25 28.1 SAB(s)m 1.15 14.74 0.60 -0.07 78-09-08 DDO 227 
A0311-02 03 11 52 -02 59.3 SB(s)m 1.15 14.08 0.46 -0.35 78-09-08 DDO 31 = N1253A 
N3311 10 34 22 -27 16.1 SA:0° 1.15 12.16 1.04 0.56 78-06-08 
N4325 12 20 34.2 +10 53 56 SA(s:)0 1.15 13.53 1.02 0.47 78-06-12 5 day-old moon near. 
0.85 13.86 0.99 0.35 
A1222+12 12 22.0 +12 58 Sa? 0.85 15.27 1.09 0.5 78-06-08 = E4-634 (see Eastmond 1977). 
0.70 15.32 0.97 0.4 
Table 2 - continued 
Galaxy a (1950) 6 Type log A 
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V B -V U -B Date Comments 
(1) (2) 
(3) (4) (5) (6) (7) (8) (9) 
I3481 12 30 21 +11 41.0 SAB :0 pec 1.00 13.62 1.05 0.50 78 -06 -08 
0.70 13.97 1.05 0.57 
A1233 +12 12 33 05.9 +12 39 24 cEl 0.85 14.64 0.90 0.38 78 -06 -08 = E3 -882 (see Eastmond 1977). 
0.70 14.70 0.90 0.53 
41331 -45 13 31 39 -45 17.1 SB :m: sp 1.15 13.02 0.70 -0.12 78 -06 -07 See notes. E4270 -G17. 
N5264 13 38 47 -29 39.7 IB(s)m 1.15 12.78 0.57 -0.05 78 -06 -08 DDO 242 
N5556 14 17 39 -29 01.1 SAB(rs)d 1.15 12.88 0.69 -0.06 78 -06 -08 DDO 243. See Notes. 
N6034 16 01 17.1 +17 20 01 SO 1.15 13.73 1.06 0.59 78 -06 -07 
0.85 14.03 1.11 0.58 
I1185 16 03 29.5 +17 51 03 SA(rs)0 /a or a 0.85 14.00 1.05 0.40 78 -06 -07 See Notes. 
N6061 16 04 01.1 +18 22 57 SA:0 1.15 13.67 1.11 0.56 78 -06 -07 
0.70 14.19 1.08 0.55 
A2010 -37 20 10 11 -37 20.4 (11':)SA(s)0° 1.00 13.21 0.91 0.35 78 -09 -06 EU399 -025. See Notes. 
0.70 13.45 1.00 0.48 
A2028 -63A 20 28 41.9 -63 11 57 E +3 0.85 15.26 1.39 0.7 78 -06 -12 
0.54 15.68 1.29 0.5 
A2036 -53A 20 36 33.8 -53 12 38 E0: pec 0.85 14.66 1.19 0.30 78 -06 -07 EU186- IG71A. Brighter and of of 2. 
0.85 14.74 1.13 0.33 78 -09 -06 
0.54 15.00 1.15 0.5 
A2049 -52A 20 49 08.3 -52 21 13 SB(s:)b: pec 0.85 14.27 0.87 0.24 78 -06 -06 EU235 -009 
0.85 14.31 0.90 0.08 78 -06 -12 
0.85 14.29 0.88 0.15 78 -09 -08 
0.54 14.90 0.91 0.22 
A2059 -67 20 59 03 -67 22.7 SAO 1.15 12.32 0.93 0.44 78 -09 -06 EU107 -009 
0.85 12.66 0.96 0.43 
A2111 -59 21 11 55.1 -59 47 33 SA(r)0 /a 0.70 15.31 1.04 0.6 78 -06 -07 
0.70 15.24 1.11 0.7 78 -09 -08 
0.54 15.56 1.07 (0.4) 
A2129 -60 21 29 05.3 -60 55 06 SA(s)0 0.85 14.74 0.94 (0.7) 78 -06 -08 
0.54 15.00 0.96 (0.3) 
A2130 -53A 21 30 38.5 -53 47 40 SO' pec 0.85 14.88 1.21 0.3 78 -06 -12 Knotty, distorted corona. 
0.54 15.21 1.22 0.4 
A2131 -628 21 31 27.7 -62 10 56 S1170 /a? 0.85 15.11 1.01 (0.0) 78 -06 -08 Normal spectrum; low U -B is 
0.85 15.05 1.06 (0.3) 78 -09 -08 
therefore probably observa- 
tional artifact. 
0.54 15.35 1.07 (0.1) 
A2136 -50 21 36 12.9 -50 55 03 El: 1.00 14.19 1.12 0.49 78 -06 -06 
0.70 14.46 1.19 0.52 
N7098 21 39 19 -75 20.5 (R)SAB(r)a 1.15 12.04 1.06 0.54 78 -09 -08 11148 -G05. See Notes. 
0.85 12.53 1.07 0.67 
0.54 13.05 1.10 0.69 
0.2146 -62 21 46 34.9 -62 25 08 SA:0 0.85 15.23 1.09 (0.7) 78 -06 -08 
0.85 15.15 1.21 (0.4:) 78 -09 -08 See Notes. 
0.54 15.60 1.18 (0.3) 
0.2148 -57 21 48 27.7 -57 43 14 E3 1.00 14.40 1.05 0.27 78 -06 -06 
1.00 14.40 1.07 0.52 78 -09 -08 
0.70 14.65 1.13 0.39 
0.2151 -57 21 51 30.3 -57 53 40 SAB(s)0° 0.85 14.96 1.39 0.4 78 -06 -07 
0.85 15.01 1.28 0.6 78 -09 -08 
0.54 15.42 1.28 0.5 78 -09 -08 
42212 -514 22 12 21.9 -51 45 12 E2 1.00 15.42 1.18 ( -.2) 78 -09 -02 Normal spectrum; low U -B is 
1.00 15.38 1.17 (0.1) 78 -09 -04 
therefore probably observa- 
tional artifact. 
0.70 15.52 1.17 (0.0) 78 -09 -02 
A2213 -52A 22 13 47.8 -52 46 37 SABIO : 0.85 14.58 1.14 0.33 78 -06 -12 
0.85 14.59 1.10 0.36 78 -09 -06 
0.54 15.01 1.14 0.48 
A2224 -54 22 24 36 -54 59.8 (R')SAB(rs)O /a 1.15 13.78 0.93 0.34 78 -09 -02 EU190 -G12 
0.85 14.04 0.97 0.32 
0.85 14.08 0.97 0.30 78 -09 -04 
A2225 -61A 22 25 29.7 -61 08 16 E +3: 1.00 13.43 1.12 0.52 78 -06 -12 EU146 -G28 
1.00 13.43 1.10 0.52 78 -09 -07 
0.70 13.91 1.10 0.55 
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Table 2 - continued 
Galaxy a (1950) 6 Type log A V B -V U -B Date Comments 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 
A2230-55A 22 30 18.0 -55 03 08 El 0.85 15.83 1.09 (1.3) 78 -09 -04 
0.70 16.01 1.13 (0.7) 
A2235-67A 22 35 10.2 -67 05 19 SABO° 0.85 15.28 0.98 0.3 78 -09 -06 
0.54 15.58 0.91 0.4 
82249-60 22 49 59 -60 57.9 S0°: pec 1.00 13.65 0.96 0.43 78 -09 -07 EÚ147 -G13. See Notes. 
1.00 13.65 0.97 0.35 78 -09 -08 
0.54 14.08 0.98 0.40 78 -09 -07 
82351-10B 23 51 07 -10 41.0 SO': 0.85 15.52 1.21 (0.2) 78 -09 -08 
0.54 15.90 1.10 (0.6) - See Notes. 
Notes: 
I48 = I1577. Discovered in 1888 by Barnard (1892) who noted it as variable (see text). IC1 position in 
error (precession in 6 to 1860 applied with wrong sign); IC 2 position also wrong ( +1 min in a, + 3 arcmin 
in 6). Described in MCG (Vorontsov- Velyaminov & Arkipova 1963) as overexposed in the middle with an 
outer envelope. 
A1331 - 45. The Fourcade -Figueroa Galaxy, listed as A1332 - 45 in RC2 where a is incorrect. The 
aperture was centred on the bright field star (V = 11.18, B -V = 0.66, U -B = 0.20) which was subtracted. 
See also Graham (1978). EU is the number in the ESO /Upssala Survey (Holmberg et al. 1978, and refer- 
ences therein). 
N5556 = DDO 243. Superposed star (V = 14.72, B -V = 1.01, U -B = 0.91) subtracted. Not a dwarf 
galaxy. 
I1185. This observation confirms those in V2C and shows those by Pettit (1954) to be incorrect in B, but 
not V. A superposed star very close to the nucleus could not be removed. 
A2010 - 37. Superposed star (V = 15.51:, B -V = 1.39:, U -B = 0.08) subtracted from larger aperture. 
This star, measured only once on 78 -06 -06, should be remeasured. The u counts were very noisy; the 
galaxy observation on that date was similarly affected and was discarded. 
N7098. A large Sa with well- developed inner and outer rings that is large and bright enough to be a 
Shapley -Ames galaxy. The RC2 a is incorrect. 
A2146 - 62. In one low u count is not rejected, the U -B (obviously uncertain) for this observation is 
+ 0.8. 
A2249 - 60. Superposed star (V = 15.95, B -V = 0.45, U -B = - 0.03) subtracted from large aperture. 
A2351 - 10B. Third brightest galaxy in Abell 2670, 8.2 arcmin north preceding the cD. Cluster member- 
ship is assumed as there is no published redshift. 
Column 4. The aperture, listed in units of log (tenths of arcmin) following RC2. Table 1 
lists aperture sizes in arcsec. 
Columns 5, 6 and 7. The UBV data with U -B given to the nearest 0.1 mag when V >15, 
and in parentheses when it seems especially uncertain. 
Column 8. The data of the observation (year- month -day). 
Column 9. Comments, alternative designations, additional references or references to the 
notes that follow the table. Most of these galaxies - as well as many others, but not the low 
surface brightness objects - have been observed spectroscopically with the 1.9 -m reflector at 
SAAO. Their velocities and notes on their spectra will be published separately (Corwin & 
Emerson, in preparation). 
5 Photometric parameters 
The present data, combined with previously published photometry for these objects, have 
been used to derive total magnitudes and colours, as well as isophotal diameters and effec- 
tive apertures. The procedures used in RC2 have been adopted, but with a few variations: 
(1) Annular surface brightness versus aperture (or aperture to the one -quarter power) 
relations were calculated, and the apertures at .t = 25.0 mag aresec 2 were determined by 
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interpolation or by extrapolation of less than 0.5 mag where necessary. These log A25's were 
used instead of log D(0)25 as in RC2. 
(2) As there is generally not enough data for these galaxies to justify the use of the three - 
approximation treatment of RC2, log p ( =log A25 - log Ae) was estimated with the 
relationship 
log p = 0.35( ±0.01) - 0.34( ±0.02)(m25 - 14.3), Q = ± 0.11 (m.e.) (1) 
(compare with RC2, equations 17 and 18) where as usual 
mss = B25 + 5 log A 25 - 5.26. (2) 
The coefficients and errors of equation (1) were determined by least squares fits to data 
from RC2, de Vaucouleurs (1977), and de Vaucouleurs & Corwin (1977) for 66 standard 
galaxies with photometric parameters from detailed surface photometry. Data for NGC 3379 
from de Vaucouleurs & Capaccioli (1979) and for the WLM system from Ables & Ables 
(1977) were added, as were data for 18 DDO objects with photoelectric photometry from 
V2C or RC2. These latter objects strengthen equation (1) for low surface brightness 
(m 25 > 14.5) galaxies. 
These modifications make it possible to derive photometric parameters from the 
aperture photometry alone without a priori estimates of (a) diameters and axis ratios and 
(b) mean effective surface brightnesses which depend on the total magnitude. (Axis ratio 
corrections to log A25 are in principle necessary. However, since log R < 0.3 for all galaxies 
here with sufficient data, the correction is ignored.) 
Table 3. Photometric parameters. 
Galaxy T BT log A25 
m25 
log Ae me' (B -V)T (U -B)T 
(Mpc) 
111 (B -V); 
log A 
(G-B). (Kpe)e Group 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) 
80045 8 11.2 1.72 15.1 1.60 14.7 0.60 -0.05 3.5 -16.9 0.52 -0.13 0.61 Pair w. N24. 
A0031 -31 9 (13.7) (1.21) (15.4) -(1.23) (15.3) (0.49) ( -0.21) 10 ( -16.7) (0.42) ( -0.26) (0.69) 6134 Group 
I1558 9 (12.4) (1.38) (15.7) (1.50) (15.4) (0.62) ( -0.01) 10 ( -18.0) (0.53) ( -0.07) (0.96) N134 Group 
I1574 10 (14.3) (1.12) (15.2) (1.07) (15.1) (0.54) ( -0.01) 2.5 ( -13.3) (0.41) (- 0.11)( -0.07) Sculptor 
Ì0048 -1 13.95 1.04 14.1 (0.55) (12.2) 0.87 0.26 - - - - Cetus III Cloud? 
A0301 -25 9 (13.9) (1.17) (15.9) (1.36) (16.2) (0.63) ( -0.05) - - - Eridanus I Cloud? 
A0311 -02 9 14.4 1.08 14.8 (0.82) (14.0) 0.41 -0.33 13 -16.7 0.28 -0.46 0.40 Pair w. 11253. 
N3311 -3 12.4 (1.43) (14.7) 1.18 13.8 1.03 0.56 40 -21.0 0.91 0.49 1.25 A1060 (Hydra) 
84325 -3 14.4 0.99 14.4 (0.6) (12.9) 1.00 0.4 70 -20.1 0.88 0.4 (0.90) Coma Supercluster 
A1222 +12 1? 16.3 (0.2:) (12.2) - - 1.05 (0.5) 70 -18.2 0.95 (0.5) - Coma Supercluster 
I3481 -3 14.2 1.03 14.5 0.75 13.4 1.04 0.53 70 -20.3 0.92 0.51 1.06 Coma Supercluster 
A1233 +12 -6 15.5 0.65 13.0 - - 0.90 0.45 12.5 -15.3 0.85 0.4 - Virgo Cluster 
N5264 10 12.7 1.39 14.6 1.11 13.7 0.59 ( -0.03) 5.0 -16.3 0.47 ( -0.17) 0.28 Centaurus Group 
N5556 7 (12.5) (1.39) (15.0) (1.28) (14.4) (0.64) ( -0.10) 16 ( -18.9) (0.54) ( -0.17) (0.95) - 
N6034 -3 14.6 0.97 14.6 (0.7) (13.6) 1.10 0.54 105 -21.0 0.92 0.51 (1.16) A2151 (Hercules) 
I1185 1 14.95 0.83 14.0 - - 1.02 0.39 105 -20.7 0.84 0.31 - A2151 (Hercules) 
N6061 -3 14.6 0.94 14.4 0.65 13.3 1.09 0.51 105 -21.0 0.91 0.49 1.13 A2151 (Hercules) 
A2010 -37 -2 13.5 (1.17) (14.4) 0.83 13.1 0.93 0.38 17 -18.2 0.78 0.27 0.52 66925 Group 
A2028 -63A -4 16.45 0.57 14.5 (0.35) (13.7) 1.35 0.6 230 -21.1 1.05 0.6 (1.18) Cl 2029 -63 
A2036 -53A -5: 15.65 0.71 14.3 (0.35) (12.9) 1.15 0.31 130 -20.5 0.93 0.27 (0.95) Cl 2036 -53 
A2049 -52A 3: 14.75 (0.96) 14.5 0.68 13.6 0.80 0.09 140 -21.7 0.56 -0.10 1.29 Cl 2048 -52 
A2059 -67 -3: 12.8 (1.28) (14.3) 0.90 12.8 0.93 0.41 - - - - - Pavo -Indus Cloud? 
A2111 -59 0 15.85 0.75 14.8 0.56 14.1 1.05 (0.6) 170 -21.0 0.78 (0.6) 1.26 Cl 2113 -59 
A2129 -60 -3 15.5 0.74 14.2 (0.3) (12.5) 0.94 (0.5) 85 -19.7 0.77 (0.45) (0.70) - 
A2130-53A -1 15.9 0.70 14.5 (0.4) (13.4) 1.21 0.3 230 -21.6 0.91 0.35 (1.23) Cl 2131 -53 
A2131 -62B 0? 16.0 0.67 14.4 (0.3) (13.0) 1.04 - 170 -20.8 0.78 - (1.00) Cl 2130 -62 
A2136 -50 -5: 15.05 0.86 14.5 (0.59) (13.5) 1.15 0.49 160 -21.6 0.92 0.49 (1.26) Cl 
2136 -50 
N7098 1 12.4: (1.43:)(14.5) 1.12 13.5 1.03 0.49 15 -19.1 0.88 0.36 0.76 Pavo -Indus Cloud? 
A2146 -62A -3 16.1 0.69 14.7 0.50 14.1 1.15 (0.5:) 190 -21.0 0.88 (0.5:) 1.24 Cl 2147 -62 
A2148 -57 -5 15.2 0.82 14.5 (0.55) (13.4) 1.07 (0.36) 120 -20.7 0.88 (0.34) (1.08) - 
8 H. G. Corwin, Jr 
Table 3 - continued 
Galaxy T BT log A25 m5 log Ae me (B -V)T (U -B)T (Mpc) 




(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) 
A2151-57 -2 16.15 0.67 14.6 (0.4) (13.6) 1.30 0.5 230 -21.4 0.99 0.5 (1.23) Cl 2150-58 
A2212-51A -5 16.5 (0.52) (14.1) - - 1.17 - 200 -20.6 0.91 - - CI 2212-51 
A2213-52A -3: 15.3 0.84 14.7 0.60 13.8 1.12 0.35 160 -21.3 0.89 0.34 1.27 Cl 2213-52 
A2224-54 0 14.6 0.96 14.4 (0.6) (13.1) 0.94 0.30 - - - - Cl 2224-54 
A2225-61A -4: 14.0 (1.09) (14.6) 0.85 13.7 1.10 0.49 - - - - Cl 2226-61 
A2230-55A -5 16.6 (0.58) (15.0) - - 1.10 (0.7) 220 -20.7 0.82 (0.75) - Cl 2228-55 
A2235-67A -2 16.2 0.60 14.2 - - 0.94 0.37 - - - - - Group 2234-67 
A2249-60 -2: 14.4 0.95 14.1 0.47 12.2 0.96 0.37 - - - - - - 
A2351-10B -1: 16.7 0.53 14.4 - - 1.15 (0.6) 220 -20.7 0.87 (0.65) - A2670 
Table 3 gives photometric parameters for all but one of the galaxies observed. 
(A1331- 45 is too large and too highly inclined to allow determination of even preliminary 
parameters.) The columns in the table are: 
Column 1. The designation as in Table 2. 
Column 2. The numerical type index (see RC2. Table 2a). 
Column 3. The total blue magnitude. 
Column 4. Log A25 determined as described above, except for the five DDO galaxies with 
data at only one aperture. For these 
log A25 = log D(0)25 - 0.12 ( ±0.03) (3) 
where log D(0)25 is from RC2. This relationship was found using data for 19 DDO galaxies 
also used in deriving equation (1) above. Though differences between log A25 and log D(0)25 
might be expected to depend on surface brightness, magnitude, diameter and inclination, no 
such correlations were found in this sample. 
Column 5. The mean surface brightness within A25. 
Column 6. Log Ae, the effective aperture containing half the light of the galaxy. 
Column 7. The mean surface brightness within Ae. 
Columns 8 and 9. Total B -V and U -B colours derived using the RC2 procedure. 
Column 10. The galaxy's estimated distance in megaparsecs taken from (a) de 
Vaucouleurs (1979b) for NGC 45, (b) application of the precepts of de Vaucouleurs (1979a) 
for galaxies in the Hercules Cluster (Corwin, in preparation), (c) application of de 
Vaucouleurs' (1958) rotating -expanding Local Supercluster model with R 1e1 = 1100 km s-1, 
Rico' = 250 km s-1 and R1= 12.5 Mpc) for galaxies with V < 4000 km s-1, (d) a free -space 
Hubble parameter Ho = 100 km s ' Mpc 1 (de Vaucouleurs & Bollinger 1979) for galaxies 
with V > 4000 km s-1, (e) the mean velocity of the Coma Supercluster (V = 6900 km s-1; 
see Gregory & Thompson 1978) with Ho as above. 
Column 11. The absolute total blue magnitude, corrected for inclination, galactic absorp- 
tion and redshift following RC2. 
Columns 12 and 13. The intrinsic colours similarly corrected following RC2. 
Column 14. The log of the intrinsic effective diameter containing half the galaxy's light, 
in kiloparsecs. 
Column 15. Group or cluster membership if known. 
Distances and intrinsic parameters are not given where the redshift is unknown. Uncertain 
values are enclosed in parentheses. The parameters for the five DDO galaxies with observa- 
tions at one aperture only are especially uncertain; they were derived using the standard 
magnitude- aperture curves in RC2, and should be reviewed completely when more data 
become available. 
UBV photometry for 40 galaxies 9 
The similarity of intrinsic parameters for many of the galaxies with T <0 is not surprising 
as most of these objects are among the first few brightest in rich clusters. The early -type 
galaxies in groups or in the `field' (e.g. A2010 - 37, 2129 - 60, 2148 - 57) are generally 
fainter and smaller than the bright cluster galaxies. 
6 Discussion: galaxies of special interest 
6.1 DDO GALAXIES 
These low surface brightness, late -type objects are generally rich in neutral hydrogen (see 
e.g. Balkowski et al. 1974; Fisher & Tully 1975; Thuan & Seitzer 1979). Thus, H I para- 
meters for these galaxies are easier to determine at present than are optical parameters. Since 
the few observations presented here go only a short way toward redressing the imbalance, 
they will be combined with the much larger body of optical data on DDO galaxies now being 
collected at McDonald Observatory by de Vaucouleurs. Full discussion of the optical photo- 
metric parameters of the DDO objects will be published by de Vaucouleurs at a later date. 
6.2 IC 48 
This galaxy was described as variable by Barnard (1892) in his note on its discovery. The 
present observations and one other made by T. G. Hawarden with the same equipment 
(log A = 1.00, V= 13.29, B -V = 0.87, U -B = 0.27 on 1978 December 27) show that 
Barnard's supposition of variability is probably incorrect. The galaxy's normal colours for 
its type make it unlikely that it has a Seyfert nucleus, though a spectrum will be necessary 
for confirmation. Barnard's observations are also consistent with his having seen a supernova 
near the centre of the galaxy. This would again require confirming observations, perhaps on 
early patrol camera plates. 
6.3 A 1233 +12 
First noted by Reinmuth (1927) as `considerably faint, very small, round and brighter in the 
middle', this galaxy was also listed by Eastmond (1977) as E3 -822. Eastmond gives magni- 
tudes for the galaxy from two methods: the Abell -Mihalas (1966) extrafocal technique, and 
iris -diaphragm measurements. Comparison of data for this and other of Eastmond's objects 
for which photoelectric observations are available (including A 1222 + 12 = E4 -634) show that 
the iris -diaphragm measurements are affected by errors dependent upon surface brightness, 
magnitude and galaxy type. The extrafocal magnitudes have errors depending on magnitude 
and type, the latter effect also noted by Smyth & Stobie (1980). Details of this magnitude 
comparison will be published separately by Abell & Corwin. 
A spectrum of A 1233 + 12 shows it to have the same velocity as NGC 4552 which is 
11 arcmin north (NGC 4551 with a slightly larger velocity is 7 arcmin south). A 1233 +12 is 
thus a dwarf member of the Virgo Cluster, morphologically and photometrically very similar 
to M32 (for which M9r = - 15.3, (B -V)T = 0.85, (U -B)T = 0.38 and log Ae(kpc) = - 0.68). 
However, it is relatively isolated from its nearest neighbours, so may have a different 
luminosity distribution in its outer regions (M32, of course, is disturbed photometrically and 
dynamically by M31). On the basis of the present data alone, however, A 1233 + 12 is a good 
example of a compact dwarf elliptical. (The galaxy is not included in Zwicky's lists of 
compact galaxies (Zwicky 1971; Zwicky, Sargent & Kowal 1975) though he is known to 
have searched the Virgo Cluster area.) 
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6.4 GALAXIES IN THE INDUS SUPERCLUSTER AREA 
The 19 galaxies in this part of the sky for which data are given here will help to calibrate 
southern sky survey fields 106 -109, 144 -147, 187 -190 and 235 -238. As far as possible, 
the galaxies were chosen to be in the unvignetted portions of the UK Schmidt plates 
covering these fields. They were also selected so that calibrating objects - including those 
with previously published data - would be available over at least a 2 mag range in each field. 
For most fields, the range is 3 -4 mag. A COSMOS study of the Indus Supercluster is 
currently being carried out at the Royal Observatory Edinburgh; results will be published 
when available. 
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